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STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive
Learning focuses on contributing to a better understanding of cogni-
tive learning by children and youth and to the improvement of re-
lated educational practices. The st:ategy for research and develop-
ment is comprehensive. It includes basic research to generate new
knowledge about the conditions and processes of learning and about
the processes of instruction, and the subsequent development of
research-based instructional materials, many of which are designed
for use by teachers and others for use by students. These materials
are tested and refined in school settings. Throughout these opera-
tions behavioral scientists, curriculum experts, academic scholars,
and school people interact, insuring that the results of Center
activities are based soundly on knowledge of subject matter and
cognitive learning and that they are applied to the improvement
of educational practice.

This Technical Report is from Phase 2 of the Project on Proto-
typic Instructicnal Systems in Elementary Mathematics in Program 2.
General objectives of the Program are to establish rationale and
strategy for developing instructional systems, to identify sequences
of concepts and cognitive skills, to develop assessment procedures
for those concepts and skills, to identify or develop instructional
materials associated with the concepts and cognitive skills, and to
generate new knowledge about instructional procedures. Contributing
to the Program objectives, the Mathematics Project, Phase 1, is
developing and testing a televised course in arithmetic for Grades
1-6 which provides not only a complete program of instruction for
the pupils but also inservice training for teachers. Phase 2 has
a long-term goal of providing an individually guided instructional
program in elementary mathematics. Preliminary activities include
identifying instructional objectives, student activities, teacher
activities materials, and assessment procedures for integration into
a total mathematics curriculum. The third phase focuses on the
development of a computer system for managing individually guided
instruction in mathematics and on a later extension of the system's
applicability.
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ABSTRACT

Purpose

The study had one major goal: To determine whether the technique
of "item-sampling” could be incorporated into a design effective for
formative curriculum evaluation. The study evaluated only grade 6
of a television arithmetic program, Patterns In Arithmetic (PIA).
Other goals of the study were (1) To explore the practical relation-
ship between the population and item parameters (2) To discuss ways
formative curriculum evaluation can be used and (3) To suggest
advantages item-sampling has over traditional achievement testing.
Procedure

A large pocl of items Wwas assembled that represented objectives
'to be covered by PIA-6. The items were selected while the program
was in the planning stage. Approximately 60 classes near Madison,
Wisconsin, and using PIA-6 participated in the study. Twelve, 20-item
tests were constructed from the item pool. These tests were administered
at four times during the year to a random sample of students. At each
administration one gets a measure of the difficulty of all 12 x 20 =
240 items, These measures provide a profile of change across the
school year. Changes in performance on a givea item were evaluated
in terms of expected behaviors following instruction. When observed
behavior was at a level below that of expected behavior, revisions

were suggested. Criterion referencing of items was used to indicate
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expected behaviors. Testing done early in the school year was used

for planning programs that were written and taped later in the year.

Results

Several important changes were made in PIA-6 as a result of the
formative evaluation. It was found that 120-130 random responses to
an item were sufficient to yield an estimate of item difficulty that
was useful for making developmental year decisions. It became clear
that the success of a curriculum study using item-sampling depends
largely upon the quality of the hand-picked items that constitute
the item pool. Much of the planning should be devoted to selecting
items that are sensitive to the behavioral objectives of the curric-
ulum. The role:of the evaluator became clearly defined. He must be
an active part of the developmental project and have more than a
passing knowledge of the curriculum and its objectives. Criterion
referencing the items makes the evaluation more objective and may
clarify the objectives of the curriculum. Items should be criterion
referenced before tests are assembled. If this is done several
undesirable items are likely to be discovered.

Conclusions

The item-sampling technique can be applied effectively to
formative curriculum evaluation. It has the following advantages over
traditional achievement testing:

1. More detailed information is provided.

2. Planning and review are more effective.

3. Transient aspects become evident.

4., Revision is mare effectively accomplished.

5. It is more economical of time and money.
xii
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CHAPTER T

INTRODUCT ION

There is a growing demand for effective curriculum evaluation.
Since the introduction of new mathematics curricula over a decade ago,
scholars have been critical of their evaluation efforts. Criticism
has been in part aimed at the use of standardized achievement tests
to evaluate and compare new programs. Standard tests were designed to
measure other objectives than those espoused by the new mathematics
programs and they are intended to evaluate individuals, not curricula.

In addition, funding agencies for curriculum projects (e.g., the
United States Office of Education) are emphatically demanding more
quality verification of the products being produced. These agencies
want to know what they are getting for their money, and they want some-
thing other than a subjective guess.

The primary purpose of tﬂis study is to present an evaluation of
the Grade 6 Patterns im Arithmetic program (PIA) which has been devel-
oped by the University of Wisconsin Research and Development Center
under the direction of Professor Henry Van Engen.

The Wisconsin Research and Development Center for Cognitive Learn-
ing was established at the University of Wisconsin in 1964. It is at
present one of nine federally funded R and D Centers. PIA was the

first major project undertaken by the Center. This program is a
1
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complete arithmetic program utilizing television for grades 1-6. As
PIA was a Federally funded project, its developmental staff felt the
pressure for extensive, objective evaluation. Grades 1-5 of the pro-
gram were produced during the years 1965-1968. A variety of evaluation
activities were carried out during thesec years.

For Grade 6 a new technique was suggested as a mecthod for obtain-
ing more extensive information about the effectiveness of PIA. This
technique is called "item-sampling.'" In contrast to the traditional
type of testing in which every pupil gets the same test, the item-
sampling technique allows pupils to take one of several different
tests. Conceptually, item-sampling considers a pcool of m items dis-
tributed over k tests. The k tests afe then administered to the pop-
ulation it is desired to measure. For example, suppose there are 100
items about which one desires information. Instead of having each
pupil respond to all 100 items, one could construct five, 20-item tests
and administer these tests. In general, the maximum number of differ-
ent tests that can be used is a function of the number of pupils avail -
able for testing and the desired accuracy of the sampling estimates.

A pilot run using item-sampling was made at the end of the develop-
mental year of PIA Grade 5. As a result of the success of that trial,
a more involved design was conceived for the developmental year evalu-
ation of PIA Grade 6. The design was to test at four times during the
year, each time obtaining information on the same set of 240 items by
item-sampling. The resulting data would provide a profile of change
for each item across the year for the population. These item profiles

would provide project personnel with an objective means of assessing
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strengths and weaknesses of PIA Grade 6. Materials could be revised
accordingly.
Therefore, the subject of this study is the application of item-

sampling to developmental curriculum evaluation. Relevant literature

will be reviewed in Chapter II.
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CHAPTER II

BACKGROUND OF THE PROBLEM TO BE INVESTIGATED x

-4

The criticism which has been voiced against the way in which curric-
ulum evaluations ﬁave been carried out seems to run the gamut--all the
way from the clarity of the program objeqtives to the final evaluation
which reports the merits of the program.

Scriven (1967) identified two broad types of evaluation--formative
and summative. Formative evaluation is done during the developmental
stages of production in order to identify weaknesses and guide the staff
in the revision of materials. The distinguishing feature of a formative
evaluation is that the product still remains open to change. Summative
evaluation is done on the finished version of the product in order to
provide the potential consumer with evidence relative to its effective-
ness. In general, results of a summative evaluation are not used to make
additional refinements of the product.

Stake notes that '"most contemporary evaluation of instruction begins
and ends with achievement testing." (Stake, 1967, p. 5) This is not
to say that achievement tésting is necessarily bad, but he emphasizes
that the primary purpose of an achievement test is to provide an instru- .
ment which reliably discriminates among individuals for the purpose of
instruction and guidance. Standardized achievement tests cover more

general skills common to content areas that are likely to be taught in

a particular program and are designed to be "fair" to all students.
4
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Stake believes '"the standard achievement test is unlikely to encompass
the scope or penetrate the depth of a particular curriculum being eval-
uvated." (Stake, 1967, p. 6)

Curriculum evaluation is difficult to accomplish for the unique as
well as common features of various curricula must be evaluated both
objectively by measuring the outcomes of instruction and by personal
judgements as to the quality and appropriateness of goals. There are
several points of view currently being advocated as to the relative
emphasis which should be placed on formative versus summative evaluation
and comparative versus non-comparative evaluation. Cronbach is more
enthusiastic about using both formative and summative, non-comparative
evaluations. He feels that "in an experiment where treatments differ
in a dozen respects, no understanding is gained from the fact that tbe
experiment shows a numerical advantage in favor of a new course.”
(Cronbach, 1963, p. 5) Scriven on the other hand emphasizes the sum-
mative, comparative evaluation. He argues that "if we want to pin down
the exact reasons for differences between programs, it is quite true
that 'small scale, well-controlled studies can profitably be used to
compare alternate versions of the same course' whereas large-scale over-
all comparison will not be so valuable. Bui that in no way eliminates
the need for comparative studies at some point in our evaluation pro-
cedures." (Scriven, 1967, p. 65) Scriven's most convincing argument
for comparative evaluation is that one can avoid having to determine an
absolute scale for reference. For example, suppose you are comparing
arithmetic programs A and B with respect to computing with rational

are pretest means and Ya and Yb are posttest

numbers. If E and i
a b

means for groups A and B respectively, then the differences Ea - Xa

ey
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6
and §b -Aﬁb are more meaningful in measuring growth in computing with
rational numbers than Ea -'ig would be alone. On the other hand, suppose
you are using items for which comprehensive normative information is
available. If the item difficulties are known for the pretest period

as well as the posttest period, then the difference Ya - Xa, where Ya

represents the post item difficulty and Xa represents the pre item

3

difficulty, would form a useful basis for item comparisons. Also,

Cronbach has argued that it is difficult to equate classes taking com-
peting courses and that experiments "putting one course against another,
are rarely definitive enough to justify their cost.” (Cronbach, 193,

p. 5) Despite his emphasis on experimental, non-comparative evaluation
Cronbach, nevertheless, realizes the need to compare courses if intelligent
decisions are to be made by administratcrs, supervisors, etc., but he does
not see comparative evaluation as the dominant goal. Professor Cronbach

is obviously emphasizing curriculum perfection, while Professor Scriven

is more concerned with protecting the interest of the American consumer.
Tyler finds existing achievement tests of limited value for eval- g
uating complex educational objectives. As an example he cites his ex- 1

perience in a project concerned with assessing the process of education. :

The purpose is to appraise the educational progress of
large populations in order to provide the public with
dependable information to help in the understanding of
educational problems and needs and to guide in efforts
to develop sound public policy regarding education.

This type of evaluation is not focused uporn individual
students, classrooms, schools, or school systems, but

is to furnish over-all information about the educationsal
attainments of large numbers of people. Although the
purpose is not identical with that of current achievement
testing programs, we thought that available tests and/or
test items would serve our purposes, but this turned out
not to be the case. (Tyler, 1967, p. 13)
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One reason Tyler feels that achievement tests are of limited value is
that the items are designed to discriminate among individuals. For
assessing the process of education, items are also needed which show
what most of the children know as well as what the more advanced few
are learning.

How Should Course Evaluation be Accomplished.

Cronbach and others have promoted the concept of "item-sampling'
as being a very useful technique for both formative and summative eval-
vation. The use ot item-sampling was first proposed by Lord (1962).

The following definition of ftem-sampling will be used in this study.
"In the item-sampling technique, a set of m items is randomly broken up
into k subsets of items. The k subsets of items are then randomly
assigned to p pupils or subjects. Each subject takes only a portion of
the complete set ot items.” (Cahen, Romberg, Zwirner, 1968, p. 2)

For example, suppose there are 100 items about which one desires infor-
mation. Instead of having each pupil respond to all 100 items, one
could construct five, 20-item tests and administer these randomly among
pupils. For the results to be useful there must be a sufficient number
of responses to each test so that a stable estimate of the difficulty
of each item is obtained.

The original purpose of item sampling was to estimate descriptive
statistics for a group taking a standardized test so that results could
be compared with the norms. Early work by Lord (1962, 1965) revolved
around applying the general work in sampling done by Hooke (1956a, 1956b)
and Tukey (1950) to testing. To establish empirical evidence to support

the technique, Lord (1962) used item sampling to check how close group

statistics could be estimated by sampling responses from a test which
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had been taken in its entirety. Lord sampled items with replacement

(which he admitted was a mistake) and still found that the test mean
for the group could be reasonably estimated.
Lord and Novick discuss the use of item-sampling in research design

in Chapter 8 of their book Statistical Theories of Mental Test Scores

(1969). The advantages cited are these:

1. If only a limited amount of time can be demanded
of each research subject, the total amount of
information obtained from a given number of sub-
jects may be greatly increased by item sampling.

2. If a test can be administered to only one examinee
at a time, the examiner's time may be the limiting
factor: more information about a group of examinees
may be obtained by giving a few items to each
examinee than by giving the entire test to just a
few examinees.

3. With certain tests, scoring costs may be the limit-
ing factor; in this case, it would be better to
score a few items from the answer sheets of every
examinee than to score every item or the answer

sheets of a few examinees.
(Lord and Novick, 1968, p. 252)

Since the primary purpose of item-sampling is to obtain a stable estimate
of the difficulty of each item, one commonly assumes that the item
performance is independent of the context in which it occurs, Lord points
out that empirical studies have tended to support this assumption. He
also mentions that item-sampling is not appropriate on speedec tests.

If one does not have a chance to respond to an item, performance on this
item is not accurately estimated. Various theoretical results and
formulas for estimating descriptive statistics are included in Lord's
Chapter 8. For this study there is no pre existing test on which perform-
ance must be estimated. Therefore, a discussion ot the results and
formulas associated with estimating test parameters is not included in

th_s chapter. Since Lord's initial efforts, several individuals and
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groups of individuals have pointed out the possibilities of item-sampling.
Husek and Sirotnik have recently advocated the use of item-sampling
in grbwth studies. The example they cite is the following: "if a
course has 100 students and the researcher is interested in obtaining
some index of growth of the students with respect to a measure contain-
ing 100 items, by using item sampling it is possible to obtain data on
all 100 items at several times during the term without any student
necejsarily taking any item twice." (Husek and Sirotnik, 1968, p. 2)
At present item-sampling has not been used in any reported growth studies.
Plumlee (1964) illustrates an interesting possible use of item-
sampling. She found item-sampling could be used to norm a test which
would then be given to prospective employees. The population the norms
would be based upon would be current employees. Item samples would be
given to the employees and results used to establish a test mean. Each
employee would be involved in only a few minutes of testing time and
would respond to a small sample of items in the universe. To obtain
empirical evidence to support the technique Plumlee obtained data on the
actual test performance of 200 clerical applicants on a 30-item test.
The total population of 200 applicants was divided randomly into 10
subgroups with 20 in each group. Each of these 10 subgroups could be
used to provide an estimate of the entire group mean and standard de-
viation. As an alternative to using the performance of one subgroup
on all 30-items to estimate group performance, Plumlee selected at
random 3 questions from each applicant's test for each of the 10 sub-
groups. Lord's formula was then applied to estimate group performance
from the partial data randomly taken from the subgroups. Plumlee found

"that the estimated test mean predicted by item-sampling is closer to

A
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the norms population mean than all but 2 of the 10 examinee-sampling

predicgions; however, the prediction, by item-sampling, of the total-
test standard deviation is closer to the norms population standard
deviation than only one examinee-sampling prediction." (Plumlee,

1964, p. 625) One interesting point made by Plumlee has implications
when item sampling is applied practically anywhere and particularly in
educational evaluation. She said that 'supervisors whs fear that
experimental test results may be used against their employees may be more
convincingly assured if each employee takes only a part of a test and
different employees take different parts." (Plumlee, 1964, p. 624)
Similarly, teachers with classes participating in an experimental pro-
gram may be more agreeable and comf.rtabie if they are aware that res(lts
are not going to be used to evaluate individuals.

Item-sampling has also been used extensively in the National
Longitudinal Study of Mathematical Abilities (NLSMA) in order to measure
a multitude of dimensions that conventional testing procedures would not
allow. NLSMA used item-sampling in a summative-comparative sense and
results seem promising. (Cahen, Romberg, Zwirner, 1968) Prior to the
NLSMA application of item-sampling almost all studies related to the
method attempted to validute the potential utility of the technique by
sampling from existing banks of data. (Lord, 1962; Plumlee, 1964)

Since "complete" data was available the item-sampling estimates of group
mean and variance could be compared with actual results. One of the
questions asked by NLSMA was how would data actually obtained under
conditions of item-sampling compare with actual performance by the group
on a complete test. To answer this question parallel forms of a 50 item

Educational Testing Service Cooperative Arithmetic Test (1964) were
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administered on consecutive days. The first day Form B of the test was

administered under item-sampling conditions (5 items on 10 different
tests) while on the second day the groups were given the entire Form A
test, The item-sampling estimates of the groups’' mean were almost always
too high. Two hypotheses were proposed to account for the inflated
estimates.

1) Students were allowed slightly more time per item
under item-sampling conditions.

2) The student confronted with a short set of test items
may vary his test taking behavior and be motivated
differently than when confronted with the entire
tesi.,

Since the means estimated by item-sampling in the NLSMA study were
significantly higher than the observed means on a parallel form, it is
natural to question its usefulness. For example, can one risk the
possible error in item-sampling estimates. The answer to this question
depends upon the use one initends to make of item-sampling. If several
groups are *oc be compared using item iampling, then factors which affect
one group presumably equally affect the other. The two hypotheses
mentioned above to account for the inflated item-sampling estimates are
no longer tenable since all groups are exposed to a more uniform item-
sampling setting. In fact, if a test were rormed under conditions of
item-sampling, it is reasonable to expect that comparisons with norms
would be more valid. The following quote from the NLSMA report sum-
marizes some of the uses as well as problems presented by item-sampling.

The item-sampling technique should have great application
for curriculum evaluation where information about the
group rather than individual performance has high feed-
back payoff for the innovator and evaluator.... In one
testing session in the study over 10 scales were item

sampled, including measures of pupils' attitude toward
mathematics....
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Depending upon the desired level of precision, it imay
be possible to determine how many different sets of
items need be sampled and the number of students
required on each form or booklet in order to stay
within the specified error range.... The data indicated
that precision of estimation is monotonically related
to the rumber of students tested.... The study indicated
that care must be taken in the future with the problem
of establishing accurate time limits for item-sampling
administration when the purpose of item sampling is

to estimate absolute rather than relative parameters

of schecol performance.

{Cahen, Romberg, Zwirner, 1968, p. 12-14)

Knapp has suggested the use of item-sampling in obtaining a more
realistic set of normative data for standardized achievement tests.
Often test developers experience difficulty in getting cooperation from
school officials to generate data for establishing norms. Knapp, like
Lord, reasons that schools would be more willing to cooperate with testers
if pupils invoived were required to take only a small sample of items in
a fraction of the normal testing time. The unique feature of Knappn's
work is his application of the balanced incomplete block design (BIBD)
to item-sampling. The parameters he is interested in estimating are the
mean, variance, and internal-consistency reliability coefficient of a
test. Knapp presents some empirical results to demonstrate the effective-
ness of the BIBD technique. In concluding he summarizes: "This method
applies the logic of item-sampling and balanced incomplete block designs
to parameter estimation and is extremely economical of testing time."
(Knapp, 1968, p. 272) OCne weak point of the study was his failure to
give reason why one would expect the BIBD design to be superior to other
less restrictive designs. Another implied assumption made by Knapp is
that normative data based upon item-sampling would serve as a valid base

for another group taking the entire test. Results of the NLSMA study

described apove tend to cast doubt upon the validity of this assumption.
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Stuffelbeam is much opposed to the traditional application of ex-

perimental design to evaluation preblems. This method, first used in
agricultural experiments, involves testing hypotheses about the effect
of treatments where treatments (in this case, programs) are randomly
assigned to plots (here classes). His four objections to the experi-
mental design approach are: 1) It interferes with continual improve-
ment of the program since significant differences make no sense unless
the program remains the same. 2) Although the experimental design may
be useful for summative evaluation, it is practically useless for making
decisions during the formative stages. 3) It is difficult to control
potentially confounding variables by randomization. 4) Although one
can be confident of the findings in a well controlled experimental
situation, it is not necessarily true that the results will be general-
izable to a typical classroom situation where factors are not so nicely
controlled. Also, Stufflebeam considers the problem of process evaluation.

As opposed to experimental design evaluation, process
evaluation does not require control over assigmment of
subjects to treatments, nor that the treatments be
held constant. ts purpose is tc assist project
personnel tc make their decisions a bit more rational
in their continual efforts to improve the quality of
the program.... The process evaluator focuses his
attention on theoretically important variates, but

he also remains alert to any unanticipated but
significant events. Under process evaluation, infor-
mation is collected daily, organized systematically,
analyzed periodically, e.g., weekly, and reported as
often as project personnel require suc information.
(Stufflebeam, 198, p. 35-36)

The preceding paragraphs have pointed out the need for more effective
curriculum evaluation--both formative and suwmmative. A case against
using the traditional experimental design technique was made and the
Granted

technique of item-sampling was explored in several studies.

that item-sampling makes it possible to gather more information than,
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for example, traditional standardized achievement testing, the problem of
what to do with the information still remains. One of the obvious un-
stated assumptions made by advocates of item-sampling is that the items
upon which information is gathered test important objectives, 1In par-
ticular, if item-sampling is applied to formative curriculum evaluation,
the chosen items should provide feedback that aid the curriculum developer
in improving (revising) his product. For a given curriculum it is fash-
ionable to state gcals in terms of "behavioral objectives'--i.e., as a
result of exposure to this curriculum what should the individual be able

to do. If an item is selected to test ome of the objectives of instruction,

two important and related questions may be asked.

1. How involved is the item with respect to the
objective tested?

Is it a simple, direct question or one which
requires an insightful application? More
succinctly, where does the item fit in
Bloom's Taxonomy?
2. Yor a given group of individuals, approxi-
mately what per cent should respond correctly
to the item if the curriculum is to be
considered successful with respect to the
tested objective?
For the curriculum developer the answer to question 2 is crucial and
obviously dependent upon the answer to question 1.
The technique of "criterion referencing" has been used to answer
a slight twist applied to question 2--namely, for a given individual,
approximately what per cent of a group of items should be answered
correctly if the individual is to be considered successful with respect

to the objective(s) tested by the items. Criterion referencing is

discussed in the next section and Chapter V proposes a modification to

the technique that will apply to formative curriculum evaluation.
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Measuring Success

Frcm our earliest experiences in school we are aware that individuals

; differ in aptitude. In fact, educators are aware that aptitude has many

dimensions and that one must be careful tc label the kind of learning

(e.g., mathematics, history) when speaking of ones aptitude. Many | i
§ aptitude tests have been written which predict (correlate highly with) 3
an achievement test given at a later date, It is likely that the high :
aptitude-achievement correlation has tended to set goals for teaching.
Carroll (1963) has indicated that if pupils come into a course with
normally distributed aptitude scores and if they are all given the same
instruction, then the end result will be a normally distributed set of

achievement scores. Carroll sees no reason why the focus of instruction
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can not be changed so that the net result after instruction would be a
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skewed distribution of achievement scores with a long left tail. Most
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pupils would be able to demonstrate mastery of the given task and the
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achievement scores would 1ike}y be less correlated with traditional
aptitude tests. Use of the phrase "mastery of a learning task" implies
that given a task one can objectively specify a criterion (score on a
test, etc.) that provides a valid dichotomous classification of individ-

uals-- one group being '"masters of the task” and the other group being
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"non-masters'. The score which serves to split the group is referred to
as the criterion score and testing which uses such a score is referred to

as criterion referenced testing.

Bloom (1968) believes that approximately 95 percent of atl individuals
can learn a subject up to a high level of mastery. To accomplish this

some students require more time and varied approaches to the material

to real criterion level, i.e., one must allow for individual differences.
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Bloom discusses several preconditions and operating procedures which

determine the success of mastery learning.

1. One must be able to determine when a student has
demonstrated mastery of a task.

2. Standards of mastery should be relatively independent
of inter-student competition. At the same time pre- -
vious experience with student performance should be
useful in establishing a criterion for mastery.

#
§1
b

3. Feedback should be frequent and on small fundamental %
units of instruction. §

4. The diazgnosis should be accompanied by a prescripiion
so students can overcome difficulties.

To date, most applications of criterion referenced tests have been made ‘

with the criterion score set for the purpose of making a decision about
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the learner. Glaser {1968) has developed a program of individually é

guided instruction (IPI) for elementary school children. His program
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uses the concept of a criterion score to determine whether a pupil has

et

mastered a unit of instruction or whether he needs to repeat the unit.
A curriculum is viewed as a long branchiang chain with each of the upper
branches depending upon those beneath. Thus, having "mastered" the
lower level branches one can proceed to master those branches above.

The entire program is individualized in the sense that the pupil may
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proceed at his own rate through each unit of a subject. Every pupil is

exposed to the same units of instruction, but some pupils achieve criter-

ke 250 Cosle b L

ion scores at various rates. Teacher aids take care of the testing and

scoring of the criterion referenced test. The setting of criterion .
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scores was done by members of Glaser's staff.

: So far, most users of criterion referenced tests have set a secem-

ingly high criterioa score. A criterion of 80 - 90% correct responses

is not an uncommon level. A closer look at the IPI program shows
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clearly why such a high criterion level is not unreasonable. First, the
criterion referenced tests are generally composed of items from the lower
to middle level of the cognitive scale since most items test rcoutine
skills and simple applications of concepts presented. Secondly, the

criterion referenced test is administered immediately following the

instructional unit it is designed to test. Thirdly, the pupil is con-
ditioned for some items on the test by being exposed to very similar
items introduced in the instructional unit. Fourthly, if a pupil does
not meet criterion he repeats the same unit again and takes the same test
over. Therefore, a criterion level of 80 - 90% is not an unreasonable
goal.

The above discussion of criterion scores related to mastery learn-
ing seems to imply that they are only useful for making decisions about
individuals. However, important decisions must also be made in formative
curriculum evaiuation. Weaknesses must be identified sc materials can
be improved. Therefore, it is reasonable to ask if the single score
criterion used to dichotomously classify individuals can be modified to
be useful in formative curriculum evaluation. This question is attacked

in Chapter V.
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CHAPTER III

THE STUDY

The Setting of the Study

The Wisconsin Rescarch and Development Center for Cognitive Learn-
ing was established at the University of Wisconsin in 1964, and is at
present one of nine R and D Centers funded under contract with the
United States Office of Education. One of the first major projects
undertaken by the Center was to develop, implement, and research a six-
year television program in mathematics for the elementary school. Aside
from the TV aspect, a distinctive feature of the program is its emphasis
on inservice education for tceachers while providing a sound program in
arithmetic for pupils. The program, hereafter referrnd to as Patterns
in Arithmetic (PIA), was developed over the period 1965-69. Grades 1
and 3 were developed the first year, grades 2 and 4 the second, grade
5 the third, and grade 6 the fourth and final year of the project.

Three distinct aspects of the PIA program can be identified at
each level: (1) The individual TV tapes (2) Teacher Notes and (3) Pupil
Exercises. In general, decisions relative to the success of individual
TV tapes were made on a subjective basis after viewing the program in
the classroom and getting the comments from teachers at regularly sched-
uled meeting, Modifications to the Teachqr Notes and Pupil Exercises

were based upon classroom visits, meetings with teachers, and regularly
18
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scheduled testing activities.

Several evaluation tecnniques were used in the field testing of
grades 1-5 of the program. The techniques ranged from periodic check-
up exercises during the developmental years of the program to extensive
standard achievement testing done in grades 1-3 following the develop-
mental year. (Braswell, Romberg, 1969) Also, for grades 1 and 3,
Educational Testing Service developed several test instruments specif-
ically designed to fit the terminology and objectives of PIA. These
tests were administered after the developmental year when grades 1 and
3 were in final form. 1In addition to the testing activities, periodic
meetings were held with the teachers using the developmental materials,
and regular classroom visits by members of the PIA staff were used in
evaluating the materials.

Testing done during the development of programs for grades 1-5
corsisted of preparing periodit check-up exercises based upon content
most recently covered. While useful, this method provided little oppor-
tunity to measure what happened to a concept or skill over the entire
year., Nor did the testing provide the staff that was responsible for
sequencing and planning program content with concrete evidence relative
to what pupils knew about a topic before it was presented. It is rea-
sonable to believe that the staff could assemble more efficient mate-
rials if reliable data representing program objectives over the entire
year were available., A step directed toward this goal was taken at
the end of PIA Grade 5.

Near the end of the developmental year of PIA-5 a modest pool of

items was developed to assess the degree in which program objectives
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had been accomplished and to provide staff with data covering a variety
of concepts and skills that would be useful in program planning over
the summer for PIA-6. In all 180 items were arranged on nine, 20-
item tests. The tests were mailed in quasi-random order to the various
classes participating in the developmental year program. Typically,
about three members of each class responded to each of the nine tests.
The net result was that between 154 and 172 pupils responded to each

test, and reasonably stable estimates of performance on 180 items were

secured.

-

To interpret the data nine major content areas (e.g., fractions,
geometry, division) were identified for PIA-5. Each “‘tem was classified
as belonging to cne or more of these areas. Of the 180 items, 40 could
be identified as relating to fractions. Traditional testing would have
provided information on only a total of approximately 40 items with
perhaps 6 or 8 relatea to fractions. Each of the nine content areas
had many important dimensions and using 180 items it was possible to
evaluate most of them. It should be clear that one is not particularly
juterested in a test mean or even individual scores. These aspects
are only of passing interest. The useful results are the item diffi-
culties and the evaluator merely 'uses' individuals to provide stable
estimates of item difficulties.

The information provided by this testing procedure was more compre-
hensive and informative than that provided by the earlier procedure of
using a single set of check-up exercises with only 30 or 40 items. With
this background there was reason to believe that for PIA-6, a similar

but more sophisticated evaluation schewe could be used over the entire
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year to provide a profile of change. 21

The Present Study

This study extends the use of item-sampling to formative curriculum
evaluatioél The paragraphs below discuss briefly the nature and scope
of the study. Other chapters will give a detailed account of the method,
results, and conclusions. One anticipated conclusion is that item-
sampling can be used effectively as one tool in formative curriculum
evaluation. However, considerable preparation must be made if the
method is to succeed and the evaluator must be keenly aware of the
relationship that exists between the parameters of his population and
the conclusions he hopes to draw.

Problems Investigated

Since this study was a formative evaluation of the PIA-6 program,
all problems revolved around the technique used for gathering infor-
mation about pupil performance on a particular set of items relevant
to that program, One purpose of gathering the data was to provide
pericdic information to the staff so that intelligent decisions could
be made during development. The study was designed so that information
related to particular items as well as more general content areas could
be provided. The study also proposes a modification to criterion
referencing as applied to individuals that was useful for objectively
interpreting the data provided by item-sampling.

The use of item-sampling involves four dependent dimensions: 1)
the sample size 2) the accuracy of the sampling estimates 3) the total
number of items used and 4) the number of items per test. This study
sheds light on the practical relationship among these dimensions as they

relate to formative curriculum evaluatiomn.
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Design of the Study

During the school year a pupil is exposed to mauy "treatments”
in a variety of ;ubject matter areas. In arithmetic, for example, a
pupil may be exposed to five pericds of instruction per week. Each
treatment is assumed fo have some effect in developing concepts and
improvins skills., For PIA-6 the main instruction occurs twice weekly
and is highlighted by a short TV arithmetic program. 1In all there
are 64, 15 minute programs designed to be shown twice weekly. Teachers
have definite responsibilities before, during, and after each TV
program. Together, the pretelecast, telecast, and follow-up activities
provide a concentrated treatment. Ideally, it is desirable to get
pre- and post-treatment measures for each program to evaluate its
effectiveness. When this is economically unfeasible a compromise
must be made and data is collected less frequently. For this study
it was decided to coilect extensive data four (approximately equally
spaced) times during the year. The entire PIA-6 aritnmetic program
can be viewed as 64 distinct programs or treatments. Peziodically
the group of sixth graders participating in the study were tested.
The results of the testing were used to evaluate the treatments that

preceded the testing period. Figure 1 illustrates the general pro-

cedure.
P B P20 Ph1 Fes
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The horizontal line represents the school year. Above this line Pqy-
P, represent the 64 programs provided by PIA-6. Below the line Tl’
T2, T3, and 'I'4 represent the four testing periods as they occurred

during the year. T followed Program 5, T_ followed Program 20,

2
T3 followed Program 41 and 'I'4 followed Program 63.

The design descrided above is similar to the "Equivalent Time-
Samples Design" described by Campbell and Stanley (1963). Obser-
vations are made periodically and the experimental variable is intro-
duced repeatedly. If the experimental variable (treatment) is having
an effect, one would expect & discontinuity in the measurements made
at Tl’ TZ’ T3 and T4. If the same test items are used at each testing
period cne gets a profile of item change across the year.

In Appeundix B'a growth profile is plotted for each item. The
profile is located beside the test item. Figure 2 illustrates the
item profile for item 14 on Test 1l. The four testing periods are
represented along the horizontal axis and the percent responding
correctly (item difficulty) is plotted along the vertical axis.

The triangular region(s) along the horizontal axis represents major

program coverage at that point during the

school year. The location of the triangle 10 07

is a good approximation of where topic ¢ .

50
coverage occurred relative to the four

I S |
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testing periods. For this example, the \ 4

item was very difficult at T; and T2 since
there was no attention given to the problem Figure 2

Growth Profile for
Item 14, Test 11
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by the program. However, at Tg there is growth as a result of extensive

coverage immediately following T,. The horizontal line at 80% repre-

sents the criterion level associated with this item. The five criterion
levels are defined in Chapter V. This item was slightly below criterion
at Tg and T4.

A profile is obviously useful in evaluating the effectiveness of
the program with respect to the item considered. If comparable samples
of pupils can be provided at each testing period, then baseline data
provided by testing at T, can be used to determine the c¢ffects of the
intervening treatments. Moreover, if the treatment related to a given
time occurs between Ty and T3, then data from T1 and T2 provide base-
line data to compare the results from Ty. The method used for obtaining
comparable samples of pupils will be discussed in the next chapter. From
Figure 1 it is clear that no baseline data was available to measure the
success of Programs 1-5 since these programs were presented prior to Tl‘

This design is also useful where the treatment may be transient in
nature. For example, a concept taught just before T, may show up
extremely well at Tq, but show considerable decay at T3. The occurrence
of this event would normally suggest revision or the need for review
exercises. TItem profiles were used during the developmeptal year to
modify the program materials. ‘Examples that show how the data was used
are included in Chapter VI.

The sixth grade pupils participating in the study were divided into
two groups. One group used PIA-5 the previous year and the other group
used some other program. Group membership was determined by noting how

a pupil answered the question "Did you use Patterns In Arithmetic in
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grade 57" Separate data analyses were done for each group. The group
distinction served as a basis for assessing the cumulative effects of
PJA. For example, it was expected that those using PIA-6 who had also
participated in PIA-5 would do better on some of the more dependant
topics. In particular, geometry should be an area wherv previous expe-
rience in PIA would be beneficial. Any attempt to compare these two
groups must be made with reservation since the size of the group that
did not use PIA-5 was fairly small and hence the standard error of the
estimate is rather large.

The test items were gathered during the summer of 1968 and covered
objectives developed during the planning sessions over the spring and
summer months of 1968. Some test items were written by the PIA staff
and a sizeable number were taken from existing test instruments. The
sources of the latter type and general chavacteristics of the items will
be discussed in Chapter 1V.

Following the selection of the item pool twelve, 20~item tests were
assembled. The twelve different tests served as a basis for all testing
done during the year. The testing periods were in September (Tl)’

" Novemberx (TZ)’ February (TB) and May (T4). At each testing period all
tests were administered to the two groups--the group that used PIA in
grade 5 and the group that used some other program in grade 5. The
tests were numbered from 1-12 and pupils were assigned a test number

at each testing period. It was desirable that a pupil take a different
test at eacl testing period while maintaining a degree of randomness
that would not affect the item-sampling model. A class list was kept

for all classes and a copy sent to the teacher to indicate which
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numbered test a pupil should take. A sample class list is included in

Appendix B. The rationale for having a pupil take a different test
each tinie and the method of assigning tests to pupils is discussed
in Chapter 1IV.

A general definition of item-sampling was presented in Chapter I.
From the dis¢ussion above it is clear that this definition was approx-
imately satisfied at each of the four testing periods. Namely, a set
of 240 items (12 tests, 20 items per test) was broken up into twelve
tests (subsets) of twenty items each. The break-up was not strictly
random as required by item-~sampling. To meet conditions (2) and (3)
described above it was necessary to control the assignment of items
to tests. A strict random assignment of items to tests would not
necessarily have provided *balanced” tests. Each test was then as-
signed randomly at each testing period to a subset of pupils in the
study group.

Many, if not most, of the items were difficult at the beginning
of the year. However, at various points during the year most of the
items showed a pattern of decreasing difficulty, especially on the
test administration following the period sf topic coverage. In most
cases, item growth could be explained directly by the program.

The technique used in the study should bz of interest to other
persons involved inAformative curriculum evaluation. It is certainly
reasonable to believe that using two, three, or even four hundred well-
chosen items for a formative evaluation should provide more information
to project personnel than using a 40 or 50 item standardized test.

When doing any kind of testing it is theorctically nice to ask the
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question "How can I get the most information per testing time involved?"
Once you have selected a pool of items to cover program objectives then
comes the question of how to make the most efficient use of these items.
This study sheds light on how many responses to an item are necessary

to obtain a stable pt (percent responding correctly tc an item). Will
100 random responses to an item produce a more useful pt than 50
responses, or are 150 responses necessary? For a given pool of itcms
the answer to this question can be used to reduce the testing time

involved or decreasc the population required for the study.
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THE INSTRUMENTS AND THE POPULATION
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The Instruments
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3 The final product consisted of twelve, 20-item tests (see Appendix
B). Since each class would be taking a variety of tests at each of the
testing periods, it was desirable that they be similar in length. 1In
addition to the length factor the following other similarities existed ‘

between the tests.

3 o Pt s s £ D e TR R wa AT AL % ne el AT 2112 Y, .

1) The first 13 problems were multiple choice and the last 7 were

completion (work out the answer and record it).

;
5
s
4

2) Every long division problem with a remainder was to be worked
on the back of the answer sheet,

3) All answers were recorded on a one page answer sheet which was
stapled to the question sheets, but removed at the beginning
of the testing session, \

4) No matter which test was taken, all pupils received the same
set of basic instructions from the teacher,

Previous testing done in PI.. . ..emonstrated the general format adopted

was convenient and that instructions were easy to follow. All multiple

choice items included 3 or 4 distractors. Usually both types appeared

on a test, but there was no evidence that this caused any difficulty.

Constructing the instruments was the most difficult part of the

28 !
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study., They had to be constructed well in advance of the beginning of
the 1968-69 school year since the first administration was in Septembéf,
1968, The first TV program was taped on July 9, 1968, By this date
the entire pool of items had already been constructed and the tests
were on the assembly line. It is cbviously very difficult to extrap-
olate program content over an entire year. A crude outline of program
content was available and it was from this outline that gable 1A was
constructed., Table 2A specifies approximately the percent of coverage
each major topic and sub-topic should receive relative to the entire
set of twelve tests. These tables are located in Appendix A.

Some topics were not completely planned prior to construction of
the tests. Non-metric geometry was one such topic., Rather than risk
including irrelevant items, the less well defined areas were not
adequately covered. Quarterly Check-Up -exercises designed for inclusion
in Pupil Manuals were used to test these less well defined areas. The
Check-Up exercises were composed after related programs had been planned
in detail.

Basic terminology established in PJA grades 1-5 was used in the
writing of items for PIA-6. The items chosen to satisfy Tables 1A and
2A came from three sources: 1) Tests supplied by Educational Testing
Service (ETS) 2) Tests used in the National Longitudinal Study of
Mathematical Abilities 3) Items written by the PJA staff. The follow-
ing tests furnished by ETS were reviewed and one or more items were
used from each of these tests:

The Cooperative Mathematics Test: Arithmetic; Forms A, B, and C

The Ohio Survey Tests, Grades 6 and 8, 1967 edition
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The Cooperative School and College Ability Tests (CSCAT), Forms

4A, 4B, and 5B
It should be mentioned that some items used from existing tests were
modified slightly to be consistent with the terminology and objectives
of PIA. This is a reasonable thing to do because no attempt is being
made to compare PIA pupils to an& previously established norms.

The task of assembling the pool of items occupied the majority of
the month of June, 1968. Items were collected for each major heading
and subheading listed in Table 1A. They were assembled by topic area
(e.g., all items on fractions were placed together) and reviewed by
at least two other staff members. Items wereqcollected in excess of
the number needed to allow for culling. Various staff members made
comments on the appropriateness, terminology, etc. of each item.
Following this stage a reduced pool of "acceptable" items was formed.
The final reduced pool contained about 350 items from which 240 were
to be selected to fit the twelve, 20-item tests., There is nothing
magic about the number 12, In fact, the present study would have
been better if more iéém types could have been used. However, as for
any study, its scope depends upon several important factors: the
availability of stiff, the funds to support the project, and size of
the population.

In constructing instruments for a formative evaluation one ideally
seeks maximum information at minimun inconvenience to teachers and
administrators. Class time for testing is certainly a factor. 1In the

present study it was felt that 30-35 minutes of testing time at four

times during the year was not unreasonable., By using tests of 20 items
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each, it was possible to take up a short amount of class time and yet

get information on 240 items each time.

Once the acceptable pool of items had been established there
remained the task of assembling each of the tests. To accomplish this
all items were cut apart from a listing by content area and placed on
several large tables. Homogeneous (by content area) items were placed
together. The reason for this was to make it easier to get broad cover-
age on each test. 1In fact, every effort was made to include a variety
of topic coverage and item difficulties on each test. There were two
maiﬁ reasons for having broad coverage on each test. First, if one test
contained all items representing one coptent area (e.g., decimals) then

perfermance at T. (the first testing period) would have been almost nil

1
since fifth graders have had little experience with decimals. What
makes this bad is not that performance would be almost nil, ™ut that
other tests which had more familiar types of items (e.g., measurement)
would have required more time to complete. It is not desirable to

have one test. that requires 5 minutes for completion (because the pupil

knows nothing about the questions) and another that requires 15-20

_ minutes for completion (because the content is more familiar). Second,

by havirg broad coverage on each test one gets a more realistic picture

of group performance on a given topic simply because more pupils respond

to items which cover the topic. This tends to make the results of the

testing more generalizable.

Although the above are the two main reasons for having broad cover-
age the pupils probably prefer variety to homogeneity in coverage. Thus

pupils who are weak in one area may find problems they can work in other

areas and not get discouraged. In addition to a variety of cover-
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age on each test there were also a variety of item difficulties. Each
test started with a very easy item (even at Ti), but the items did not
get progressively harder. Easy and hard items were intermixed through-
oui the test to avoid having the pupil become discouraged early. The
fact that these tests were not speed tests makes the intermixing of
easy and difficult items more reasonable. 1In fact, although a time
limit of 35 minutes was specified for the testing session, rarely did
a pupil fail to respond to the final item. Thus, each test was con-
structed by selecting items from a variety of content areas and repre-
senting a variety of levels of difficulty. After Test 9 was construc-
ted a bit of accounting was done to see how the overall coverage com-
pared with Table 2A. Tests 10-12 were then constructed keeping in mind
those areas which were neglected in Tests 1-9. Also, a few test items
were interchanged to provide for better balance. When all tests had
been assembled via cutting and pasting, each item was proofed. Each
test was then typed and proofed again before being duplicgfed. A few
@Yrors were‘made in the final version, but none serious enough Lo cause
problems. Some test items were modified slightly from the first test-
ing period. These items and the modified form are given in Appendix
B. No items were changed which represented content covered in PIA-6
before T (the initial testing period). Significaﬁt changes in an
item would interfere with one's ability to interpret results. If one
is going to make statements about pupil per formance on items or groups
of items that are administered at several times during the year, it is
absolutely necessary Lo hold the item constant and not manipulate in-

structions, terminology, distractors, or cven the location of the item
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on the test. The effect of such manipulation is not an objective of
a formative evaluation.

At each of the four testing periods (Tl’ T2, T3, T4) one gets a
measure of item difficulty for each of the 240 items. The extent to
which these measures (estimates) are useful depends upon how accurately
the estimates approximated the true item difficulty for the population
participatinglin PIA-6. For a population (number of classes) of
fixed size this accuracy depends upon how well the sample represents
the population, i.e., is the sample random. If one is cenfident that
the sample- is random then the response pattern follows a binomial distri-
bution and a confidence interval can be placed about the difficulty
for each item. 1In general, very easy or very hard items require
fewer random responses ©o establish stable estimates of item diffi-
culty than middle -difficulty itemsf(thosé which are answered correctly
by 40-60% of the respondents)..

TABLE 1

STANDARD ERROR OF MEASUREMENT FOR RANDOM SAMPLE SIZES 130 AND 30
WHEN P IS THE TRUE PROPORTION KNOWING THE CORRECT ANSWER

L STANDARD ERROR

P(a) N = 130. N = 30
0.1 (0.9) 0.024 0.055
0.2 (0.8) || 0.035 0,073
0.3 (0.7) 0.040 0.084
0.4 (0.6) 0.042 0.089}
0.5 (0.5) 0.044 0.091

Table 1 shows the standard error of measurement for random samples of

size 130 and 30. This table assumes a binomial model with p represent-

ing the true proportion who know the correct answer. It is clear from
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this table that the error of measurement increases as p increases from
0.1 to 0.5. The standard error function for the binomial distribution
is, of course, symmetric. The numbers 130 and 30 were chosen because
they approximate the average number of responses to each test for
groups which will be discussed later. From this table it is okviocus
that for a random sample of size 30 one does not get a very stable
estimate of item difficulty, particularly for p in the range 0.2 - 0.8.

To get a measure of how stable the estimates of item difficulty
actually were, four items appcared on two different tests. For example:
the preblems at Test 3, item 7 and Test 10, item 3 were the same. Three
other probler.; appeared on two different tests. Both the group that
used FIA-5 and the group which did not use I'IA-5 responded to every test.
Since these groups differed‘in.size it was possible to observe how
stablc the sampling estimates were for three cases: (1) The group not
using PIA-5 (N-Group) (2) The group that used PIA-5 (Y-Group) and (3)
The N-Gruup and Y-Group combinéd (C-Group). On the average about 30
students responded to each test trom ‘the N-Group, 90 students from the
Y-Group and 120 students from the C-Group. 1In general there was a
tendencf for the larger group size to yield more stable (less variable)
estimates (see Table 2). A few cases occurred in which the estimates
for the smaller sample sizes were closer than those based upon a larger
sample size. However, this is not unusual.

Table 2 clearly shows that about 120 random responses will produce

a fairly useful estimate of the item difficulity--useful in the sensc

that a given item shows stability when located on two different tests.

It is important to know that the response paitern of the sample is
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TABLE 2

THAT APPEARED ON TWO DIFFERENT TESTS.

1 74

RESULTS ARE REFORTED FOR THREE GROUPS:

ITEM STABILITY REPCRTED AS PERCENT RESPONDING CORRECTLY AT T,-T, FOR FOUR TEST ITEMS

APPROXIMATE SIZE 30; Y-GROUP, APPROXIMATE SIZE 90; C-GROUP, APPROXIMATE SIZE 120

N-GROUP,

‘ ITEM Tl PERCENT’ T2 PERCENT T3 PERCENT T4 PERCENT

| ITEM | LOCATION N Y N Y C_ N Y ¢ N Y C
L | @D 63 84 78 68 82 76 83 82 83 89 86 87
| o3y 65 77 75 | 83 80 81 | 73 8 8 | 87 93 »2
N (6, 16) 6 23 18 46 64 56 61 49 52 6 6 6
m (8,14) 6 18 15 41 65 59 53 68 63 66 70 69
e | 1) 7 10 10 27 22 23 19 33 29 B3 4 4l
(12,6) 18 15 17 28 23 30 30 25 28 16 39 33
, | @ Modified 68 55 58 67 65 66 61 62 62
",19) at T, 48 56 55 56 61 59 49 54 53

* (3,7) Refers to Test 3, item 7 ‘
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typical of the group because the inferences one makes from the growth
profiles are based upon this assumption. At each testing period a
different random sample of pupils respond to any given item. If a
significant change in performance cn an item occurs one must be con-
fident that the change is a result of instruction and not a function
of the particular sample responding to the item. Chapter VIII will
discuss the error of the sampling estimates in detail.

Characteristics of the Population

Letters inviting participation in the developmental year of PIA-6
were sent to administrators representing areas which had participated

in the earlier developmental years of PIA. The tapes were aired during

the deveiopmental year over WHA-TV, the University of Wisconsin TV
station. Since reception range of WHA is limited to within approximately
50 milés of Madison, Wisconsin, participants were restricted to this
area. Based upon response to the invitation, approximately 100 classes
expressed interest in participating in PIA during the developmental

year. Test mate:ials for the first testing Qgriod were sent to all
schools who "signad-up" during the summer of 1968.

A letter informed prospective participants of the planned testing
procedure. Of the 96 sets of test materials sent out, 62 sets were
administered and returned as Qirected. The classes represented by ;
these 62 sets of materials formed the population for the formative
evaluation. Most of the classes that participated in the study repre-

sented medium to small size rural Wisconsin communities. Six classecs .

from Monona Grove, an upper, middle-class suburb of Madison, Wisconsin,

and three classes from Janesville, Wisconsin, a city of about 50,000
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aiso participated in the study. None of the classes participating in

the study represented -large industrial communitijes. Also, it is
likely that few participants represented minority groups.
Since many areas involved in the study had participated in PIA-5,
it was expected that the majority of participants would not be new
&

to the Patterns program. In fact, 1085 of the 1581 pupils partici-

pating in T; participated in PIA-5 during the 1967-68 developmental

year. Table 3 shows how characteristics of the population changed

over the four testing periods. New pupils are thrse who participated
in the testing at a given peériod, but did not participate previously.
No new pupils are imncluded in the analysis following I,. Pupils lost

cag

u L
are those absent or transferred based on resfilts from T. and’T .

E TABLE 3

i CHARACTERISTICS OF THE POPULATION

E i} 5 Testing Period

T1 T2 T3 T4

Number classes | 62 58 58 57
Number Pupils 1579 1484 1465 1432
New Pqpils . - 52 0 0
Pupils Lost -~ 87 120 105
New_Classes - 0 0 0

For the initial testing period materials (see Appendix B) were
se 't to school personnel since the names and addresses of most teachers
- -
were not available, Depending. upon the school district the following

types of individuals acted as coordinator for the project: mathematics

supervisor, school principal, district administrator, elementary super-
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visor, or a staff member under the Superintendent of schools. These
individuals performed an invaluable service, not only in the testing
program, but in providing overall support for and implementation of the
project.

A form was sent out with each package of materials (see Appendix
B) to provide the staff with an accurate record of names and addresses
of teachers participating in the testing program. As answer sheets
were returned for each class, a detailed class list was made for each
of the 62 classes who returned materials. The class list contained a
place to record the following information:

1) The number of pupils in the class

2) The complete name and address sf the teacher

3) Approximate time required for the testing for each of the

four testing periods

4) The number of pupils absent

5) The name of each pupil participating in the testing

6) The number of the test taken by each pupil at each testing

period

7) A place to indicate participation status in PIA-5.

A sample class list is included in Appendix B.

Assigning Pupils to Tests

Following the initial testing period tests were assigned to each
pupil for the remaining three periods. Since the method for accomplish-
ing this was one of the important decisions in the evaluation, a detail-

ed discussion of the procedure will be given.

First, it was desirable that each pupil take a different test at
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cach of the four testing periods. The reasons for this are:

1) That some learning specifically related to the test might
result. It is not unreasonable to expect that the effect of
learning on taking the same test would bhe different from its
effect on taking a different test. Learning, as used here,
includ-.s not only becoming familiar with the test format,
instructions, etc., but also being affected by the test
content. The latter effect would be more likely in this
testing situation than in more traditional testing because
the test content involves topics that range over the year.
Being asked a questinn on a topic that one is not prepared
to answer at the beginning of the yéar could provide a cue
that would influence performance once the content related to

l that topic is reacked on the program.

2) It would be likely that unequal numbers of pupils would dup-

i licate responding to a given test each time if tests were”
assigned on a random basis. For example, 10 pupils might
take Test 1 at both the first and second periods, while 20
pupils might duplicate taking Test 8. It would not be easy
to assess the effect of this on the results.

3) 'The way a pupil approaches or answers a problem initially
could affect his response if he received the same test again.

4) Although not likely, without restricted random a;signment a

'~£§w pupils could get the same test all four times. It is more

likely that several pupils would take a given test three times.

E e ‘h
.
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At the initial testing period the 12 tests were sent out in a repeating
pattern of Tests 1-12 (the pattern not necessarily beginning with Test
1) and the teacher was instructed to distribute the tests just like
they arrived. Following the instructions led to two desirable outcc. ..
First, approximately equal numbers of pupils responded to each test
(see Table 7, Chapter VI). Second, a class size of betwe2n 11 and 24
pupils took each test at least once; one between 23 and 36 took each
test at least twice, etc. The second aspect provided balance in the
distribution of tests across classes. To insure that this balance
continued for the remaining testing periods a restricted random assign-
ment of tests to pupils was made. The restrictions were that no pupil
get the same test twice and that the balance established during the
initial testing period continue. For example, if 28 pupil~ participated
in the initial testing period then on each.subsequent period each of
the twelve tests would be assigned to at least two pupils and four (28-
24) randomly chosen tests would be taken three times. Hence, for a |
given class size, n, responding to the initial testing period, n % 12
provides a quotient and remainder--the quotient determined the minumum
number (m) of responses to each test and the remainder (r) determined
how many tests are taken by one extra person.

To accomplisp the restricted random assignment, the following
procedure was used:

1. Determine m and r.

2. Use (m+ 1) x 12 playing cards numbered 1-12 repeatedly as a

model for assigning tests to pupils.

3. Shuffle the cards thoroughly, cut the deck and note the number
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‘on the top card. Compare this with the test number taken by

the first person at T If the number is the same, put the

1.
card at the bottom of the deck and look at the number on the
next card, repeating the above process. If the number is
different, then record this number as his assigned test for

T Record a tally for this test.

2

4. After the first person is assigned a test continue, without

shuffling to determine the test the second person should take.
Each time a test is assigned record a tally. When r tests have
been assigned to one extra person then allow only the minimum
number of responses from this point on. Any number that can
not be used when it comes up always goes to the bottom of the
deck.

5. After assigning tests for T, shuffle the entire deck thornugh-

ly and repeat the above process for Ty anq finally, for Ty -
When assigning tests for T3 care must be taken to avoid dup-
licating a test taken at T, or T,. T4 must also be considered
when tests are assigned to Ty -

The only conflict that can arise in this procedure is that near the
bottom of the class list one might not have any possible '"legal" assign-
ment. For example, to satisfy the restriction thst each test gets taken
the minimum number of times it might be nécessary to assign Test 3 to
the last person. However, suppose Test 3 was taken by this person at

¢

Tll To escape this dilemma a random exchange was made with a tesct

assigned earlier on the list.

From the above discussion it is clear that once the original class
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list was mad= and the test taken at T recorded, assigmnment of tests
to pupils could be made for the remaining three testing periods. 1In
November of 1968 all pupils were assigned tests for the remaining three
periods. Thus, the future testing sequence for each pupil was known

shortly after the first set of'testing materials had been returned. 1In

some cases this sequence was never used as three classes dropped out of
the 'study and some pupils transferred out of a given class. New pupils
appearing in classes at Tp were included in the data analysis, but
following T9 no new pupils were included in the analysis that did not
participate at Ty or T,.

Chapter V discusses criterion referencing as it was used in this

study.
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CRITERION REFERENCING THE ITEMS

Criterion referencing as discussed in Chapter IT applied mainly
to individuals. In order to make decisions about individuals it is
reasonable to set a specific mastery level score (criterion score).

: However, to use criterion referencing in a formative evaluation it is

reasonable to modify the sinéle score criterion established for a set
of items. The formative evalua.or is interested in item profiles and

performance within the various content areas rather than the total

AT e At Vet 2. PR 320 AL M 195 ‘el

test score. The total test score, although an indicatocr of growth,

does not pinpoint where the growth has occurred. While it would be
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difficult to set a critericn level for each item, it is reasonable to

classify items and to set a lower-bound criterion for each classifica-

tion. Items used in the formative evaluation of PIA-6 were classified
@

in one of five types. (Romberg, 1969)

3
2
‘
g
k

(1) Mastery Level 1%*A): Items in this category are expected

to be very easy by the end of the year. Most every pupil

oyt o

should have mastered the content of the item.

"
An example of an A-Level item is given in Figure 3.
Write "four and twenty-seven hundredths" as a decimal,

Figure 3. Sample A-Level Item

43
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(2) Mastery Level 2 (B): These items represent. topics which

P

receive major emphasis during the year. While items in

this category test important objectives, a very high level

P ST At s dt e (YT L b o

of mastery is not expected. The majority of PIA-6 items

o e e SR Lt 4

fall in this category.

An example of a B-Level item is given in Figure 4. 3

.----——'—--———_————-—----------a-—--—-—----—-—--——---—-————---

Which number below is nearest to zero on the number line?
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N =

a) b)

o) =

c)

=

1
d) i3

Figure 4. Sample B-Level Item
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(3) Mastery Level 3 (C): Items in this category represent more
complicated aspects of content covered in PIA-6. C-Level 3
items do not test extensions of concepts presented in PIA-6.
Story problems which lead to involved computations as well

as problems which are conceptually difficult for the average

pupil are C-Level items. LS

An example of a C-Level item is given in Figure 5. :

Coew
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(4)

---——--—-————-———-——-——-—--——-_——-——.‘—-——-——————-—.-———————--

: < white
2 red

A B C

Imagine 3 sacks that contain marbles as above.

Sack A contains 1 white and 1 red marble

Sack B contains 3 white and 3 red marbles

xSack C contains 1 white and 2 red marbles
I1f you reach in a sack and pick a marble without looking,
which sack would the probability of a red marble be the
greateét?

a) Sack A b) Sack B c¢) Sack ¢ d) It makes ro
difference

t

Figure 5. Sample C-Level Item

————————-—————-——-———-———-——---—-—————-———————-—————-p--————

Transfer Level 1 (X): Transfer Level 1 items involve a

duction of new notation or a problem which requires some
insight belongs in the X category.

An example of a X-Level item is given in Figure 6.

- e - - - - - - - -——-——n——-—.———----——.——m-———-r———-——————-———

Which number below is between % and 1?

1 1 5 5 1
a) '§+ '3" b) g'l- 1 c) -g'l’ -'7- d) 0.30 + 0.20

Figure 6. Sample X-Level Item
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minor extension of concepts presented in PIA-6. The intro-
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{(5) Transfer Level 2 (Y): These items are the more difficult
ones used in the testing. Such items are usually concep-
tually difficult, represent an extension of program content,
and contain difficult computations,

An example of a Y-Level item is given in Figure 7.

A triangle n inches on a side has a perimeter of 60.3
inches. What is the perimeter of a triéngle n + 2 inches

on a side?

Figure 7. Sample Y-Level Item

S — - e, T - D . . D Sy = = P Gt AV G G e G I D Y V- - G — — — — ———— "

Before these classifications can be used to inrerpret results
they must be quantified. Quantification of each classification con-
sisted of placing'a lower-bound criterion on the item difficulty (per-
cent responding correctly). This lower-bound criterion reflected the
aspirations of the PIA staff for performance at the end of Grade 6.
Table 4 indicates the lower-bound criterion for item difficulties for
each classification level. Multiple-choice and free response items

are considered separately since the former type involves an element of

chance.
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TABLE 4

LOWER-BOUND CRITERION FOR EACH
CLASSIFICATION LEVEL

Lower-Bound

Level Multiple Free

Choice Response

—

85 80

65 60
40 30
60 50

35 10

For example, a multiple-choice item which is classified level R
has a lower-bound criterion of 65. If at the end of PIA-6, 73% of the
pupils respond correctly to this item, then criterion is met. On.the
other hand, if only 32% respond correctly, a serious problem may exist
and revision might be in order. Classification of items in this way
makes it possible to objectively interpret the test results in terms
of expected behaviors and use these results to suggest modifications.
dnother objective met by this system is that the goals of the curric-
ulum develcoper are conveyed to the reader.

Table 5 shows how the items used in this study were classified
(Items 1-8 on Test 4 were not classified). Twc staff members worked
together to classify each item. There was disagreement. It was often
difficult to decide whether an item should be level B or level X.

Level B is the intermediate mastery level and level X represents a
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minor extension. Figure 2, Chapter III, illustrates how the classifi-

cation was used for item 14 on Test 11 (an A-Level, free response
item). The horizontal line at 80% indicates criterion for this level
item, A graph similar to that in Figure 2 is located beside each
classified item in Appendix B,

Although the criterion referencing of items is useful and infor; :
mative, it is nevertheless arbitrary. An item may not reach criterion
for several reasons:

1. The item was measuring a skill other than the one intended.

2. Poor instruction.

3. Coverage related to the item was not as originally planned.

If items are chosen before detailed planning, it is possible
that some topics will not get the intended treatment., Items
related to suéﬁ topics will naturally be more difficult than
anticipated.

4, Criterion was set too high.

5. The estimate of item difficulty is subject to sampling error.
Some of the'same reasons may also explain why an item reaches criterion.
In particular, (1) and (5) could be responsible for some items reach-
ing criterionm. N

_In summary, a cniterion level is an arbitrary level assigned by

the developmental staff that reflects their aspirations--it should

not be considered as absolute.
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TABLE 5

CLASSIFICATION OF ITEMS FOR TESTS 1-12

Item | Test Test Test Test Test Test Test Test Test Test Test Test

1 2 3 A 5 6 7 8 9 10 11. 12

1 | A A A A A A A A A A B
2 | A B B B X X A B B B ‘ X ;
3
3 B Y B B X B X C A C Y ;
4 | A A X B B A B B B Y X %
5 B B X B B B A B B B B %
6 X X X X B C X B B C B 3
7 X B A A B A C X C Y X ?
8 | A X A B B B X B X B A g
9 B B X A B B B X B X C X é
10 | A A B A X B B A Y Y Y Y %

11 | A B Y X B X X Y X C C A

12 | A X B B Y B B B X B B C

13 | X C A A A X B B B B X X

14 | A A A B A B A il A A' A A

l 15 B B A B B B B B B B B B
16 B B B B B B A A A B A A |
17 B B B A B A B B A B B B E:
18 | A B B B C B B A C B C B %,

L 19 B C B A B B B B B B B C |
20 | A X B A A Y C C B C Y Y

L"[""'Y’ W BT TR L R
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CHAPTER VI

THE DATA

ITtem Data and Test Characteristigg

A copy of each test is located in Appendix B. Typically, every
test was taken by two or three pupils in each class at each testing §
period, The common set of instructions for accomplishing each admin-
istration is also located in Appendix B.

For item-sampling to function properly pupils must have a chance

to respond to each ilem. Therefore, no rigid time limit was imposed.

P S U PGy S S LI T ST P

Since it is well known that there are pupils who will work "forever"

o e T we . A

o hat L VLT

on a test if given the opportunity, a conservative, maximum time limit
of 35 minutes was suggested. The teacher could, of course, take the

tests up before 35 minutes. Table 6 summarizes the modal adminis-

DT R S TR L P P PR T T 3

tration date (in terms of programs 1-64) and the average time re-
quired for a class to complete the tests (exclusive of distribution

of materials and the reading of directions). From this table it is

clear that 35 minutes was a conservative time limit.
TABLE 6
LOCATION AND TIME REQUIRED FOR TESTING FOR T,-T

1 4
Testing Period Program Location of Testing Average Classtime Required

T1 Between Programs 5 and 6 23.8 minutes -
T2 Between Programs 20 and 21 24.8 minutes
T3 Between Programs 41 and 42 23.9 minutes
TA Between Programs 63 and 64 23.8 minutes

50
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The twelve, 20-item tests were administered four times during
the 1968-69 school year. They were administered in September,
November, February, and May. Patterns In Arithmetic-6 has 64 dis-
tinct programs. The testing periods occurred at Program 5 (Tl),
Program 20 (T2), Program 41 (T3), and Program 63 (TA)' In order
to explain what happens at a given testing period, it is necessary
to know the specific content covered prior to .hat testing period.
For example, to interpret test results at T2 it is necessary to know
that between T1 and T2 Programs 6-20 were viewed. The effect of the

. TV programs and related pupil exercises can then be measured by
observing pupil performance on related items. Also, the effective-
ness of review exercises in maintaining and improving skills and
understanding can likewise be measured.

This chapter will present the item data and test characteristics
at each of the four testing periods. The information reported for a
given testing period is as follows:

1) 1Item data (reported in percent responding correctly)

will be reported for three groups: a group which
participated in PIA-5 (Y-Group); a group which did

not participate in PTA-5 (N-Group): and a combined
group (C-Group) consisting of those pupils in each

of the first two groups and any pupils that could

not be classified as Y-Group or N-Group. The group
distinction made it possible to measure the cumulative
effect of PIA. However, the small size of the N-Group

makes it impossible to make strong generalizations.

2) The number (N) of pupils taking each test for each of
the three groups.

3) The test mean (MEAN), standard deviation (STDEV), and
reliability (R) for each.test and for each of the
three groups.

4) The item correlations between the Y-Group and N-Group,
) for each of the twelve tests. For a given test

a high correlation between item performance could imply

-
e i ..t

PR T7e PR TR L LA | B S L T T T )

12" pa Rt — . AR S b -

P AN e

P T N N Y Y R A

P T L T LS LAY RS TRV P

Ml AT VS a2

2 % Yo AN ¢ TRALIY

T .
A3 -




52

that the Y-Group and N-Group are operating from
a fairly common base with respect to the concepts
and skills being measured by the tesi. A low
correlation between item performance could imply
that one group was operating differently with
respect to some content measured by the test.
For exampie, if 2 test item involved terminology
or concepts common to PIA but foreign to those
pupils using other arithmetic programs, then
performance by the PIA group would likely be
considerably above that of the other group.

This would tend to lower the correlation between
item performance.

Table 7 presents the item data and test characteristics for Tl,

the September testing pericd. The data for TZ-T4 is presented in

Appendix C,

Beside each test item in Appendix B is a small graph. This
graph represents a growth profile for the item across the year,
Figure 2, Chapter III, illustrates the appearance of a sample pro-
file. The four testing periods are plotted along the horizontal axis
and the corresponding percents responding correctly are plotted along
the vertical axis. These graphs are based upon data reported in
this chapter and Appendix C for the C-Group described above.

Data Presented by Contcnt Aéea

The last section presented an overall picture of how the tests
functioned at each testing period. Since each test represents quite
varied coverage, it was necessary to assemble the items by content
area in order to interpret results. This chapter considers each
major topic covered in PIA-6. After reading the concluding chapters
it should be clear that the data reported herein represents per-

formance on materials written during the developmental year. Modi-

fications on the '"first generation'" PIA-6 materials based upon the

o al

WYY

ANTEN ] My £y 44w

I TP C R '

LA A En FAIP o fErAYmrds B, AAET

T A s et e




h a2 d Mgl R U R Ut S LD A i el et S 2 A i i 2 e G QEARTY oAy

I T VAP TR Oy B = At 3T TR TR BT SR e

(32}
a |
68°0 88°0 06°0 26°0 . NA;
G/°0 08°0 TL® £9°0 €9°0 19°0 63°0 69°0 99°0 IL°0 6S°0 TIL°O p:
0L°E . G6°€ €§°€E GI'c 81t 00°¢ Ge'e wi'e SI°E ov°c 18°C SE€°€ AFdLS
1¢°6 CT¥°8 €8°6 €9°8 6.°L S6°S8 12°8 i%°L  99°8 02°01 L6°8 S9°01 NVIR
L71 1€ 68 4 8¢ 88 €eT VA 26 €€l LE 68 N
19 8% S9 6% €S 6% A/ 62 LY € LT 81 0¢
cs %6 %8 GE LE €€ ¢ 0 0 9€ 43 9¢ 61
c € 9 9% 6€ 6% 9 LY LY 8¢ 61 GY 81
oYy o 9€ 92 62 Y4 €S S9 0S X4 %1 VA L1
| 1€ cE o€ 6 8 6 €1 o1, A v/ 0 S 9T
: 9 € 9 GL €9 08 8 9 6 L2 11 €€ ST
W GE Gs %€ %9 19 S9 1L VA G8 29 g %9 #1
: 9% €C %S L2 LE G¢ 52 8T VA ¥/ rAw 92 €1
_ 0S Ge 4G SS LE €9 1€ 62 €€ €6 26 €6 21
. 43 61 LE 12 12 A/ G¢ Gg 8¢ r4A 18 69 11
09 S 29 €T 12 G2 1L S9 St 1L oL 1L 01
L2 €1 0€ 8 S 6 6% 14 r49 62 %2 0€ 6
LE z€ 8¢ r49 0S 1§ Hg 8¢ H€ S6 g6 L6 o
1€ 62 62 8L €9 %8 €1 A H1 1L 69 9L L
9¢ 6€ 6€ 8¢ 81 43 69 6S 69 LY €Y 18 9
€L 19 8L LE LE 8¢ €7 81 G2 %2 61 9Z S
A 1L €l %1 12 01 Gs, T4 6€ 9L €L 8L v
08 L8 8L %9 6€ GL S¢ 6¢ LE 29 (%7 69 €
LL VA 9. 0L 19 €L rA? G8 8 €9 €Y 1L r/
L9 8% V1A 08 08 18 88 G8 06 €L o Gl 1
) N P ) N X D N X D N X ~ION
. wa3 1
¥ 389], € 3Is9L 7 3Is9L 1 3IsoL .
1 il ’

I 904 SIINSa¥Y LsdlL /. d'IdVL




54

G6°0
€9°0 %9°0 19°0
88°C L6°T 8L'T
7.8 90°8  TO'6
GeT €€ G6
L 6 9
LY 8% 9%
19 rds L9
A A A
88 6L €6
1 0 I
<1 9 81
LT 42 8T
7% €e 6%
A 6 1
09 L9 8¢
9 S¢S 89
L9 cS 12
42 6€ 61
€S r4s €S
LY 6€ 15
€S T 9¢
01 6 1
L8 8 68
G6 46 G6

5 N X
g 3s9%

A S IR A el €@ St VL ETARNT 2T APl n e S ket

8 WIS S

A

OO TANRR T AR BT T o M R T e AT TS e E T ST ARG e 1A TR T N T S TN ALY

MRttt (25— o)

L6°0
€9°0 69°0 6S°0
06°C 6C°¢ 9L°0
-€C°6 1¢°8 §°6
At 6¢ 88
0 0 0
139 1% €S
¢ € [4
Vi L €
69 99 0L
0¢ 01 7¢
L9 8% - ¢l
79 8% 69
79 65 G9
£¢ 7¢ A
0L <9 €L
o7 1y (A
9¢ 149 8¢
L6 06 66
7% 8Y €7
(A 8¢ £
1€ 1€ 1€
WA 99 7L
ST L1 L
68 6L 16

) N A
[ 3SdL

16°0
¢9°0 69°0 €9°0
6L°C L6°C ¢8°C
L¢°9 8L°S 0%°9
A [4% 78
[4 0 7
9¢ 1€ A
€ 0 S
0 0 0
81 9 ¥4
S 9 S
7S £S (4
6¢ 1€ LT
012 LY A
%% 8¢ %%
8% 8¢ 49
%% S¢ LE
G¢ 0s %S
6% 18/ 139
6¢ 91 9¢
LL rAA LL
9 9 9
7¢ 8¢ G¢
€1 (44 81
88 88 06
0 N A
9 3IS3],

(GAONTINOD) LI ¥od sIInsdad IS3i

68°0
LS°0 S%°0  09°0
LT Sv'T 08°T
06°L 1T°L SL°'8
8C1 €c 88
69 9L 9
81 9 €T
6 9 01
S 9 S
9z VZA 9¢
L T 19
oY €c 19
6% 9¢ S
6 eI 8
A LT g
65 zs 9
o€ 9¢ 8¢
€9 49 %9
€6 16 6
€1 81 11
S 6 Y/
9% VLA €S
89 49 oL
o €c %9
€6 6L 86
5 N X
G 3Is9,
2L TV

NA

d
AJALS
NVIN

HANMT N0 O

L oz
wal]

Q
ERIC

'




-
R Tt Bt i Pt S P N e I N N I A St

[V . \
o S6°0 . 16°0 96 *0 26°0 NAs
99°0 TL'0 S9°0 (%°0 T9°0 TH°O 89°0 S9°0 S9°0 89°0 €4°C 99°0 i
| 00°€ €2°€ 16°C 6%°C T6°C 0%°C €1°€  €0°€ 10°¢ $2°¢€ 5°€  80°¢€ AAQALS
16°8 L6°L 0€°6 G9°L ST°L 08°% 60°% 9.°9 %9°8 19°8 8L°L 00°6 NVER
| 621 Vi 98 9¢1 z€ 86 8ET LE c6 141 1% €6 N
I/ n Z 1 € 0 1 0 I/ 0% Vo ot VY4
, €1 9 #1 6 9 6 L € 6 L9 66 zL 61
| €L G9 LL 81 61 91 #1 € 0¢ 81 A L1 81 :
! %9 65 0L S < S L 8 9 6L 66 L8 L1 W
A V7 %8 €1 € 91 LT LT Z -9 19 %8 91 m
h €% 92 LY GE 8¢ 8€ 11 %1 11 €1 01 #1 ST
18 69 88 €2 8¢ 12 GL 79 . 08 it VYA €2 91
GE A 8¢ SL 69 SL 19 LT V1A 01 L 01 €1
“ €Y € €Y €L 69 V7 14 187 15 2 LS Y €9 Al
rAA 0S 6L Z8 K7 %8 9 A L : 89 99 “ 0L 11
| e 8€ 1€ 1 61 €1 1€ LT e 8€ € 6€ 01
6¢ %2 €€ 1€ 8¢ z€ 1% 8¢ . TY €1 Al €1 6
! €8 88 €8 %G €S 9% €€ A s 8% 1% A9 8
%8 16 €8 6 vl 61 66 6% %9 6T L1 8¢ L
L1 81 (1 o€ 61 GE 09 LS €9 1€ 6 o€ 9
S € o 1€ A4 vl €S GE 66 L8 €8 88 9
61 6 €2 9T 8¢ A4 18 89 98 v 0 S v
z € A LE %€ 8¢ Gl 69 LL 0S 9G oY €
€% Vo X7 €€ ¥4 GE 64 9% 8% 29 64 8G z
69 S9 0L L6 L6 L6 9L €L 6L GS 99 s 1
) N X p) N X ) N X y N X “ON
wa3]
1 389 : 11 3sal 01 3sal 6 3Isal
(QEAONIINGD) L7 ¥od SIINSTY ISIL i/ TIAVI
i ﬁr_u




56
formative evaluatior should strengthen those areas which appeared

weak.

For each topic all related items were retrieved from the twelve
tests. For example, all items related to fractions were grouped
together. Frequently an additional breakluwn was made, especially
for the more significant topics like fractions, decimals, and

geometry. The data for each topic is presented according to the

following format:

1. The major topic (.ontent area) is identified (e.g.,
: Fractions).

2. Subtopics within the major topic area are identified
where necessary (e.g., Addition and Subtraction
of Fractions).

3. The location of tlie item and a summary of its content
is indicated. The item location is indicated by a
number pair such as (3, 16) which indicates Test 3,
Item 16. The content summary is often very abbreviated

and it may be necessary to refer to the specific item
in Appendix B.

4, Results are reported at each testing period for the
Y-Group {the group using PIA-5) and the N-Group
(the group not using PIA-5).

5. A code is used between testing periods to indicate
how PIA-6 coverage related to the item:

a) A "% indicates major attention was given
to the content tested by the item.

b) An "r" indicates significant review related
to the item appeared.

c) A "c¢" indicates that coverage related to the
item appeared. However, items having this
code often require several skills, some of
which may net have been covered.
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How to Interpret Topic Data

The first major topic presented is that of fractions (see
Table 8). The first item involves addition of fractions with unequal
denominators. The item can be found on Test 1, Ttem 15. For the
Y-Group, 33 per cent responded correctly at Tl and 51 per cent res-
ponded correctly at TZ' The * between T1 and TQ indicates that this
skill received major attention between T1 and T2 (Programs 6-20).
Lf one would like to know how many pupils responded to this 1iten,
Table 7 indicates that 89 pupils in the Y-Group responded at Tl'
The 89 responses represent random responses from approximately 45
different classes. This is true in general for the Y-Group: the
number responding to a given test (iter) represent a random sample
of pupils from approximately 45 classes that had previously used
PIA-5. The number responding in the N-Group represent a random
sample of pupils from apprcximately 15 classes that had previously
used an arithmetic program in grade 5 other than PTA-5. A word of
caution -- since only about 30 pupils belong to the N-Group, the
item data for this group must be interpreted with care.

The data for the topic "Fractions" is presented in this chapter.
The following topics are presented in a similar fashion in Appendix C:
Decimels, Ratio, Geometry-Measurement, Geometry--Non-Metric, Integers,
Long Division, Sentence, Number Line, Relation and Functions, Charts
and Graphs, aud Probability. Some items were appropriately classified

in more than one category.
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CHAPTER VII

USE OF THE RESULTS

For Revision and Review

The data presented in Chapter VI and Appendix C was for each
testing period and several content areas. This data was used to
plot a graph which shows a growth profile across the school year for
every test item, These graphs are located in Appendix B adjacent to
the corresponding test item. The data by content area and the growth
graphs present a comprehensive picture of what happened to important
concepts p;esented in PIA-6.

Although the graph plots were not available until the final test-
ing (T4) was completed, the data by content area reported in Chapter VI
was updated at each testing period and made available to PIA staff.
Typically, a meeting was held a few days after a testing period and tbe
results of the testing were reviewed and interpreted. Items related
to topics covered by intervening programs were the focus of discussion.
Skills and concepts which had been covered earlier in the year were
also examined to see how well they were being retained. The problem
writer for the Pupil Manual was present at these meetings and received
suggestions for topics which should be reviewed and exercises that
could be revised. All members of the PIA staff proposed or submitted
problems for the Pupil Manual. In particular, the evaluator and the

problem writer discussed the pupil exercises for most programs. A
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rather persistent question asked by the problem writer was "What
kind of review exercises do you think are appropriate here?"
Significant results of the testing undoubtedly functioned in
subtle ways that were not always observable. It is, however,
appropriate to discuss observable ways the test data was used to
develop and modify the materials.

Major Revision

The single most important result of the testing involved Programs
15 and 54. These two programs reviewed and extended decimal numer-
ation and density. Both programs, particularly Program 54, provided
instruct;on and exercises on ordering decimals. One of the primary
objectives of these programs was to teach pupils how to order decimals
such as ,238, .24, .3, and .05 (e.g., .05 < ,238 < .24 <.3). Test 9,

item 4, was designed to test a skill necessary before decimals can be

ordered effectively (see Figure 8).

Which number is the greatest?

a) 0,03
b) 0.29
c) 0.293
d) 0.2093

Test 9, Item &

Figure 8

The response pattern to this problem was as follows -- le &% correct;

T2: 8% correct; T3: 9% correct; TA: 46% correct. A look at fhe re-

sponse pattern at Tl’ T2, and T3 revealed that the 90%+ pupils who
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responded incorrectly were about equally divided among the three
distractors - 0.03, 0.29, and 0.2093. Three hypotheses relating to
misconceptions pupils have about decimals were offered to account for
these results.

1) The group choosing 0.03 focused on its non-zero digit, 3
being larger than the digit 2 which is the first non-zero
digit in the other choices (the fact that the 3 is in the
hundredths place is overlooked).

2) The group choosing 0.29 did so because they knew that one-
thousandth < one-hundredth ard then generalize incorrectly
that thousandths are less than hundredths--hence, the
incorrect conclusion: 0.293 < 0.29.

3) Thé group choosing 0.2093 focused on the number of digits
rather than appropriate place value. Since 0.2093 is a
"longer number" than the other choices, then it must be
the greatest,

Program 54 was completely reworked as a result of the testing. While
it was too late to make changes in the Program 54 tape for develop-

mental year use, the Teacher Notes were modified considerably to

alert teachers to the three misconceptions pupils have about decimals.

These misconceptions along with recommendations for aleviating them
were detailed in the Teacher Notes. That these recommendations were
of value can be seen by comparing the results at 'I‘4 with those from
T1 - T3. The TV tape for Program 54 was redone with particular

emphasis on ordering.

The effect of this redo could not, of course, be measured during

(VNPT Y 5 T o FATT 78
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the developmen,al year. Program 15 emphasized a verbal approach to
ordering--it was thought that if pupils could read decimals, then

they could compare them. While this program was effective in teaching
pupils how to read and write decimals (see Test &4, items 13 and 20;

Test 11, item 16), it was not effective in teaching order. There-

fore, the redo of Program 54 approached order using a scanning process--

often a digit by digit comparison. Fcr example, to compare 63.816
and 63.82 one observes that corresponding digits are the same until
you reach the hundredths digits. Then, since two hundredths is
greater than one hundredth, it follows that 63.82 > 63.816. Counter
examples to the misconceptions pupils have about decimals were used
on the program.

Other Revision Suggested by the Testing

» Another weak area uncovered by the testing was measurement. In
particular, perimeter, area (of a rectangular region) and volume
(of a bex) were all covered prior to Tl' However, resulte on the
testing clearly indicated that perimeter and area were often confused
and what was done with the specified dimensions on a volume problem
bordered on randomness. Specific review exercises were designed to
distinguish perimeter and area. Also, volume was explored in greater
detail on a later program and review exercises were included. From
the test results (see Table 9) it can be seen that these aspects of
measurement did show improvement following Ti.

The problem of finding the area of a triangle was not easy at
any time during the year (see Table 9, item 7). The formulas for
the area of a parallelogram ard area of a triangle were introduced

in a single program - Program 30. It is possible that one program
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TABLE 9
|
TEST RESULTS FOR 3 PERIMETER ITEMS, 4 AREA ITEMS :
AND 1 VOLUME ITEM |
!
C-Group <
Percent Correct Mastery ]
Item Iy T2 T3 '1‘4 Level |

1. What is the distance around 73 71 68 80 A
the rectangle below? ]
]
1
1 4
a) 7 %
b) 8
c) 14 ;
d) 16 i
6 inches E

2. The large square above has 28 32 43 51 X

been divided into four small
squares. What is the
perimeter of a small square?

e S S DY b an i 2 Tt Per. S 4 FEaaY I E Sa bw

a) 3 inches
b) 6 inches
c) 12 inches
d) 24 inches

3. A square is nine inches on a 60 56 70 64 A
side. What is its perimeter?

A R T TP Ty T

a) 9x9 i
b) 2+ 9
c) 4 x9
d) 2x9
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TABLE 9 (Continued)

C~-Group
Percent Correct Mastery
Item : '1‘1 'l‘2 T3 T4 Level
4, 1f the area of the rectangle 52 52 60 65 A
above is 18, what is the area )
of the shaded part?
1 .
a) 18-:--5
1
b) 3
c) 3
d) 6 ¥
5. What is the area of a rectangle 60 72 85 79 A :
8 feet long and 3 feet wide?
a) 11 sq. ft.
b) 22 sq. ft.
c) 12 sq. ft.
d) 24 sq. ft.
8
//'5 12
A D
6. If ABCD is a rectangle, what 30 20 31 47 C
is the area of the entire
figure (the rectangle and
the triangle)?
E a) 116
3 b) 480
] c) 136
- d) 25

AT TR T e AARES
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TARLE 9 (Continued)
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C-Group
Percent Correct Mastery
Item 'I‘1 ' T2 T3 'I‘4 Level

7. Triangle ABC is a right 5 6 15 27 B

triangle. What is its

area?

a) 12 /&\\?

b) 10 > B

c) %-x 15 4

) 6 ¢
8. What is the wvolume of the 31 68 80 79 A

box?

a)
b)
¢)
d)

12

48

60
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was not sufficient for the concepts presented.

The basic approach to area in PIA was in terms of "inner" and

"outer' area of a closed curve.

It was realized in PIA-5 that the

term "outer area'" was very confusing and was in fact a misnomer for

many pupils. The outer area was naturally associated with the grid

squares located "outside" the given closed curve.

An attempt was

made in PIA-5 to review outer area (Program 3) and make teachers

aware of the problem pupils have with this concept.

Test 10, item 5,

pictured a grid over a circle and asked for the outer area of the

circle. Performance on this item at T1 showed a sizeable gain over

results on a similar problem given at the end of PIA-5.

However,

i b s
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in the absence of significant review the concept showed considerable

decay over the year (see Figure 9). i

Test 10, Item 5

1
|
Growth Profile for
Test 10, Item 5 |

[ 4\ 1007%-
1 o
/ 50 =t

NEEEN I 4
\ / 7 ° 3
T T T 1 {
T, Ty
:‘i

In the figure above, use the grid
to determine the outer area of the
circle. What is the outer area of
the circle?

Wiy SRl TE N T S NEe gy % e

CarlY TN EA A arom £

a) 16

b) 28 :
c) 36 ;
d) 64 §

Test 10, Item 5 and Growth Profile
Figure 9

While PIA staff remain convinced that their basic approach to area

O TR LRI Hix JCPRE NS AT VT 1 O T,

was a sound one, it is clear that the term "outer area" was confusing

for many 5th and 6th graders.

D Problem solving is a skill which one likes to think of as

evolving, yet capable of being effected by the teacher and the .
curriculum., It is safe to say thai most pupils in which problem solv-

ing skill is manifest have developed this skill independently of both

text-books and teachers. During the evaluation of PIA-6 it was




73

observed. that two test problems were much alike; however, one was

much easier than the other (see Figure 10).

Test 5, Item 6 Test 9, Item 12

1f (E,F) represents the number
of edges (E) and number of

|
I
!
\ i 1"
faces (F), what is (E,F) for !
a cube? !
a) (4’4) ,/”’ "
b) (6,12) 1"
If E = number of EDGES
c) (12,4) F = number of FACES
d) (12,6) V = VOLUME
What is (E,F,V) for the cube
above?
a) (9)4)3)

b) (12,6,1)
C) (9)6)1)

d) (12,4,3)

P e . v S U S e S S G SR U S S S I GED G S S5 T SIS WIS GAS GUD GNR G FYM NS NS Gy SN GED N s GED GO SIS D Gl G I D GL GAb GUD GED GHS GHN ED Gun oD GUD D GO s GHS MNP Gub eab

The results at T1 showed 137 responded correctly to item 6 (337% took
choice b) while 577% responded correctly to item 12. These results
suggested that the appearance of the visual for item 12 made it much
easier than it would have been otherwise. With the visual they could
count edges and faces..

The question naturally arises "Why don't pupils construct a

sketch if -a sketch makes the problem so much easier?" Here, it

seems, is a place where a problem solving skill, sketching, can be
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taught--a skill which will bé useful not only in arithmetic, but
throughout one's mathematical career. At least two sections of
exercises in PIA-6 were modified (Programs 31 and 60) to encourage
pupils to sketch a figure for the problem. Also, a section (Program 8)
involving cuts through solids was modified to have the pupils draw
cuts to satisfy certain conditions rather than have all cuts predrawn.
‘> Many test items (e.g., Test 1, item 19; Test 8, item 17) involved
long division. The PIA approach to long division was to introduce it
in grade 4 in terms of repeated subtraction after having established
that a+ b=n and a = n x b are equivalent sentences. The concept
of repeated subtraction was used to solve sentences like n x 24 = 9%
before the division process was introduced. Having introduced long
division by repeated subtraction in PIA-~4, a series of refinements
were made in PIA-5, but the traditional long division algorithm was
not introduced until Program 17 of PIA-6. The basic reason behind
the lengthy PIA approach to long division was to promote under-
standing of the algorithm. While the repeated subtraction process

is easy to understand it is often time-consuming. Moreover, when

one encounters a problem like 236.2 + 0.65, it is desirable that the
algorithm be used. Every long division problem invclving counting
numbers with a remainder was worked on the back of the pupil's

answer sheet. It was of interest to see what fraction of the pupils
were using the algorithm introduced in Program 17. At T2 a check
showed that approximately %-of the pupils were still using the "old"

repeated subtraction process. When this was discovered the Teacher

Notes for Program l7 were revised to encourage a more complete shift
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to the algorithm. The fact that many pupils were evidently more
comfortable using the old method was not taken as a bad sign. On
the contrary, it suggested that a certain group of pupils understood
the repeated subtraction approach and found it more meaningful than
the algorithm, By T4 almost all pupils were using the standard
algorithm.

‘} The use of ratios in problem solving was one of the key mathe-
matical ideas that permeated much of grade 6. Ratios were reviewed
early in the year and used to convert from one standard unit of
measure to another. Later in the year ratios were used in similar
figures and scale drawings. The final application of ratio was to
percent. A ratio approach to percent avoided the necessity of treat-
ing percent problems as three distinct cases. In general, ratio
was a strong area for PIA. From the items listed under ratio (see
Appendix C) it is clear that there were many difficult problems in
this area. Most items showed nice growth over the year and skills
were maintained through repeated use of ratio to solve many types

of problems. The power and flexibility of the ratio approach in
problem solving was evidenced by one pupil's approach to a problem
that was not classified as a ratio problem. The problem was located

at Test 12, item 20 (see Figure 11).

1 337 IR A R
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column of water

One cubic foot of water weighs 62.4 f
pounds. How much does a column of '
water one inch square and one foot

high weigh? Write a sentence to

show what must be done to get the

answer. You do not have to find

the answer.

Test 12, Item 20
Figure 11

G S LN S S S e D M CED G D G M CER R D GHD D I A/ D e G I S G G . G G — Su S e D NP Gm emm M S S emw =D

It was expected that the correct answer would be written in the form

el wedrs ME A ML ARt bk T AT A s A

62.4 + 144 = n., However one 6th grade girl answered the problem with
1
the sentence E%E% = 2 valid and rather amazing application of the

idea of ratio by a 6th grader.

E} One objective of the testing was to determine how computation
skills changed over the year. It was necessary to review many skills
covered in PIA-5 and several computation problems were devoted to
these previously introduced skills, For example, problems like

1 5 . .
§-+ g-and 571 x 68 were introduced prior to PIA-6 but reviewed at

2 Py gl A B E an gl g r MR B e S B 2d P TN A b o foah agfan P T pae ks A

various points in PIA-6. Most old skills were maintained at a high
level. New computation skills that were introduced often showed T
dramatic growth on the testing period following coverage of the topic.

The most obvious trouble spots in computation involved the multi-

ERETET, A WIS TP

plication of two mixed numbers (e.g., 3-% X 2~é) and problems of
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mixed types (e.g., 0.3 +.%, 7.% : 5), The latter problem was given

particular attention in the Pupil Exercises. Review exercises
required pupils to add, subtract, multiply, and divide numbers

written in a form unsuitable to operate upon directly. For example,

1 3 5 8 A a4 -
0.3 + E-would be changed to T6-+ 16 = To °F 0.3+ 0.5= 0.8, Early

. 1

in the year many pupils were answering 7 E-% 5 av 1 with a remainder
of 2 %u Although this is not an incorrect answer (if one views
division as repeated subtraction), it is not a desirable one. Ilater

in the year, after division of fractions was covered, the tendency

to answer the problem this way greatly decreased. The response

1- =.].'..§.-'— =.3.. 1
became 7 7+ 5 5 5 5 or 1 5

E} Program 62 reviewed problem solving and more specialized sentence
forms. The reason for reviewing these sentences was that pupils had
developed additional computation skills and a program was needed to
tie together the newly acquired skills and familiar sentence forms.
One sentence introduced on the TV program was

F =500 - (6.2 x 35).
Here it is necessary to find the product first and then subtract this
from 500 to obtain F. Problem 18 on Test 7 was similar to this
problem, The pupil had to compute

1088 + (38 x 1.1) = ?
The main difference between this problem and the one used on the TV
program is the operation--subtraction on the TV problem and addition
on the test problem. PIA staff expected to see a nice gain on this

problem at T4 since Program 62 occurred near the fourth testing

period. At T3 15% of the group responded correctly while at T4 20%

Ry 3n s o,
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responded correctly. This result was surprising and disappointing.
To get some insight into the difficulty students had with this
problem, the answer sheets were carefully analyzed. The correct
answer to the problem 1088 4 (38 x 1.1) = ? is 1129.8. However,

33 of 92 responses in the Y-Group were 150.6! The students were

doing the following:

58 1088
11 418 150.6
38 506 —

38

418

They did not locate the decimal point on the intermediate product
and the digits for the sum were misaligned,

For Program Planning

Rl vl R ot by

Administration of the entire pool of 240 items at four times not
only made it possible to evaluate the effectiveness of the curricuium,
but it also indicated how students attack certain problems and what
correct and incorrect "hunches" they have before instruction is given.

For example, it was found that before instruction the problem % X %

was answered correctly by 23% of the pupils.

Another problem of interest was 0.2 x 0.6 = ? Students had no
specific instruction in multiplying by decimals until Prograi 35.
However, Program 15 covered decimal numeration and Program 20 covered

multiplication of fractions. By T, the problem could have been worked

2

2 3 6 _ o
as 0.2 x 0,3 = 0 X716~ 100 0.06. At T1 6% responded correctly
while at T2 18% responded correctly. This indicated that a few

students were able to synthesize the insiruction from Programs 15 and

20, Another interesting aspect of this problem was the unumber of
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students who responded 0.2 x 0.3 = 0.6! At T1 88 students out of

127 made the free respcnse 0.6. At T3, after instruction in how fo
multiply decimals, 62 out of 128 still responded 0.6.

Probability is not a traditional topic in the elementary school.
PIA-6 introduced probability late in the school year (Programs 56-57).
Eleven problems in the item pool were related to probability, Since
'I‘3 occurred at Program 41 three measures on the difficulty of these
items were available to assist in the planning of the programs on
probability. It was found that the terms "most likely", "least
likely", and "equally likely" were understood by most pupils. A
spinner problem was quite easy and suggested that spinners could be
used as an aid to teach probability. Althouvgh pupils were aware of
certain informal aspects of probability, they did not know how to
assign a number to represent: the probability of an event, For
example, Test 6, item 18, referred to a sack that contained 4 BLACK,
and 7 RED bal.s. The pupil was required to state the probability

of drawing a RED ball. The response pattern was as follows:

T,: 3% correct; T

1 5% correct; T_.: 9% correct and T,: 61% correct.

2° 3 4

T , and T_ represent preecinstruction knowledge. Clearly, one

17 %o 3
had to assume the pupils knew nothing about assigning probabilities.,
Another skill that pupils must master before more involved prob-
ability problems can be solved is that of the "product rule" for
determiviing the number of outcomes to an experiment. Test 20, item 9

ghowet several pupils could already apply this rule to a simple

casze, However, a signiticant number of pupils were adding rather

than muitiplying.
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Another topic about which pupils knew a surprising amount before
instruction was reading graphs and charts. In fact, the pupils knew
so much about this topic that little gain was evidenced across the
year on most of the items. Rather then devote the pupil exercises
to retrieving data from graphs and charts, pupils were required to

graph data (given a chart) and to make a chart and graph from raw

data.

Weaknesses in the Item Pool

"y
Evaluating a curriculum using item sampling with a pool of items

conceived before the curriculum is finalized has two main disadvantages.

1. Irrelevant items may be included in the item pool, and

2. Not all important aspécts of the curriculum may be
covered by the item pool.

For the evaluation of PIA-6 the latter event was more common than
the former., The following are important aspects of PIA-6 which were
not adequately tested by the item pool:

1. Angle Messure (Programs 18-19): Use of the protractor;
angles between parallel lines when intersected by a
diagonal; terminology asscciated with angles; the
proper way to. name an angle,

2, Coordinate Geomeétry (Programs 38, 40): TLocating
integers on the number line; representing "trips"
on thé number line using vectors; locating ordered
pairs of integers in a coordinate system.

3. inequalities (Programs ‘37, 39): Graphing inequality

sentences; equivalent inequality sentences.
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4. Similar figures (Programs 51-53): Meaning of similar
figures; projections and special cuts of solids which
yield similar figures; dilations.
5. Fractions: The equivalence of %'and a + b; use of the
term reciprocal; converting a fraction to a mixed
number using long division.
6. Reflections (Programs 24-25): Finding the image of a
given figure; locating the line of reilection when
the figure and image are given; properties of reflected
figures.
The formative evaluation would have been lacking without some eval-
uation on the aspects mentioned above. Therefore, quarterly Check-Up
Tests were sent to teachers to serve the dual purpose of classroom
evaluation and formative evaluation of topics not adequately covered
by the item pool. The teachers using PIA-6 Lad expressed the need
for a test that they could use. The twelve, 20-item tests could not
be used effectively for classroom evaluation because each class took
all tests. *tocreover, prior to T,, some of the test items represented
topics that were yet to be presented.
Each Check-Up Test contained about 30 items and covered areas
of interest to teachers and particularly the neglected areas listed
above. Teachers were not requested to return these tests and admin-
istration was optional--cooperation over four testing periods was all
that could be expected. Notes relating to the Check-Up Tests

expressed the desire on our part to get feedback on these tests.

Typically, about 10 classes returned the tests at each quarter and
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about half of these were rescored by PIA staff. These tests seemed

to be popular and useful for the teacher.

The four Check-Up Tests were modified for inclusion in the Pupil
Manual for PIA-6. Check-Up 2, Check-Up 3, and Check~Up 4 were simply
retyped using a slightly different format and more effective art.
Check-Up 1 was not very satisfactory for classroom evaluation and was
modified. The Check-Up Tests and summary statistics are included in
Appendix D. Problems not included on the original Check-Up 1 are

indicated. No summary statistics are available for Check-Up 1l and

Check-Up 4.
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CHAPTER VIII o

CONCLUSIONS

The purpose of this study was to explore the use of item-sampling
in formative curriculum evaluation. A pool of items was conceived that

represented content to be covered and skills to be mastered by a sixth

-
-
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grade TV arithmetic program, Patterns In Arithmetic. Items were selected

from the pool to fit twelve, 20-item tests. These tests were administered
four times during the 1968-69 school year to the population participa-
ting in the study. Results from the testing periods were used for ; %
program planning, to suggest appropriate review, and to indicate major §
revision. The previous chapter gives examples of these aspects,

It is clear that the use of item-sampling in formative curriculum
development makes planning and revision more systematic than traditional

testing procedures. It is pos$ibie to monitor simultaneously many di-
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mensions of the curriculum. Moreover, the item profile provides a
"history" of the item across the year. 1If effective revisions are made,
i the developmental year "history'" is but a temporary state. The revised
version should prove superior to the developmental year product.

It is appropriate to discuss some of the practical decisions one

faces when item-sampling is used in curriculum development.

——p
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ltem Stability and the Population

In Chapter IT1 the problem of obtaining a stable estimate of item
difficulty was discussed. Data was presented ior four items (see
Table 2) that appeared on two different tests. It was found that 120-
130 responses generated under item-sampling conditions produced a fairly
stable estimate of item difficulty. However, 30-40 responses generated
und.r similar conditions produced less reliable (more variable) estimates.

Although desirable, it is not necessary to have extremely precise
estimates of tne '"true" difficulty of the items for purposes of forma-
tive curriculum evaluation. The study group itself is but an "estimate"
of the larger target population of potential users. Moreover, one is
normally not trying to compare groups using a statistical test of sig-
nificance. The formative evaluator monitors the developmental year
product and signals its successes and failures. Hence, the estimates
of item difficulties provided by item-sampling must only be accurate
enough to expose weaknesses within the curriculum. It is the joint duty
of the evaluator and the curriculum developer to decide upon how ac-
curate the estimates n;ust be. Table 10 indicates the standard error
(S.E.) of the estimate for several sample sizes, N, and true item dif-
ficulties, p. This table assumes the binomial mode! and uses the

formula:

_ ofP9
- S.E. \fN (@=1- p)
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TABLE 10

STANDARD ERROR OF THE ESTIMATE

60 90 | 120 | 150 | 180 |} 210

1].055].039} .032] .027] .0241 .022} .021
.2 1.073} .052 | .042| .037] .033} .030}] .028
.31.084] .059}] .048] .042] .037] .034}] .032
4
5

L
. %

W

o

.089 .063] .C52}) .045}] .040] .037} .033
.0911 .0651 .0531 .G461 .0411 .0371 .034

Vi O~ 00O

The binomial model is appropriate under conditions of item-sampling.
This can be seen by considering the probability of a given individual
responding correctly to an item. TFor a fixed population and a given
item there exists a number p which corresponds to the fraction who "know"

the correct answer tc the problem. If an individual is selected at ran-

dom from the population then the a priori probability that he will respond

correctly is p. If a sample of N individuals is selected from the popula-

tion to respond to the item then it is clear that the probability of k

correct responses 1is:

k N-k
P(k) = ( E ) p qN , the ( k + 1)st term in the expansion of the

binomial (q + p).

It is well known that as N gets larger, the binomial distribution
approaches the normal distribution. The parameters g and o2 for the
normal are p and Npq respectively for the binomial. Whrile Npq represents
the variance of the number of successes (correct responses), the standard
error is more frequently reportaed. For a given N and p the standard er-

ror function tells how likely it is that a fixed interval centered at
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p will contain the observed value of p, namely 6. The fact that the
distribution of 6 rapidly approaches the nrrmal distribution with mean
p and variance'}ls--(1 makes it possible to use a table for the normal dis-
tribution to express what fraction of the time a given interval will
contain 6.

Using the normal approximation, the interval p + S.E. will cerr
6 about 68% of the time while p + 2 S.E. will cover 6 about 957, of the
time. Table 10 shows that for 90 random responses to an item with true
difficulty p = .4, the standard error of the estimates is .051. This
means that if a random sample of size 90 responded to the item and an
estimate, 6, of the true item difficulty was calculated, then the in-
terval .4 + 0.051 (.349 to .451) would contafn ﬁ about 687 of the time.

In practice one does not know p and is trying to obtain a useful
estimate of p. Therefore, while in theory one can speak of the likeli-
hood that p + S.E. contains 6, in practice one does not know p. What
is generally done is to treat ﬁ like p and use a2 standard exror that
is only approximately correct. For example, suppose 6 = .30 and true
(but unknown) p = .35. 1If 6 is based upon 120 responses then the table
value .041 is used as an approximation to the standard error.

An interesting observation can be made from Table 10 by compariné
the columns for N = 30, 120, and 210. The standard error of the N =
120 column is about one half that of corresponding entries in the N =
30 column. The increase of 90 responses doubles the accuracy of the

estimate. Howevér, suppose 90 more responses are obtained making a

total of 210 responses. It is clear that while the standard error
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decreases, the accuracy is only slightly improved. Thus, even though
210 responses clearly provides a more stable estimate of item difficulty
than 120 responses, it does not provide the formative evaluator with
substantially more decision-making capability. Since the standard er-
ror is calculated using the formula"rgg-it is clear that for fixed p
the standard error varies as ‘%— Hence, one must multiply his sample ;

“ size by 4 to cut the standard error in half. For the above example 480
random responses would be neceded to cut in half the error for 120 re-
sponses.

The evaluator must not take every slight drop in item performance
as a definite sign that review is needed--he must be aware that chance
variation will occur. One hundred twenty respomses are certainly enough
to alert the evaluator to a serious problem. However, to determine if
a topic needs review it may be necessary to group several items related é
to the concept or skill. A slight variation in a single item might be

a chance result.

The following factors should be considered in determining N:

P AR TR L ATy I TR oo I L TS T TR

1) The size of the population that is to be sampled
2) The number of tems about which one desires to get information
3) The desired accuracy of the estimates
4) The amount of time that is available for testing.

The following example illustrates how these factors operate together.
Suppose a study involving item-sampling is being planned and it is

estimated that 1,300 pupils will be participating in the study. These

1,300 pupils probably represent a larger target population. The evaluator
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and the developer agree that for middle-difficulty items a standard er-

3

ror of .04 is sufficiently small for making developmental decisions.

From Table 10, 150 random responses to an item are necessary to provide

this accuracy. The integer part of the quotient 1300 * 150 is 8.
Therefore, the evaluator can use 8 different tests to obtain informa-

tion. It was indicated earlier that for administrative efficiency the

tests should be approximately the same length and suitable for admin-
istration under uniform instructions. Once the number of tests is
decided upon the next decision is how many items per test are reasonable.
If there are 400 items one would like information about, then 400 * 8 =
50 items per test may be used. However, 50 items per test may be un-
reasonable in terms of the time required. This would be particularly
true if the tests were to be administered several times. Therefore,

a compromise must be met. The evaluator could increase the size of

the population, decrease the number of items, or do both. For a given
study it is likely that many workable combinations will exist. The
various combinations should be given careful consideration well in ad-
vance of the study.

Selection of the Item Pool

The success of any evaluation depends upon the quality of the items

about which one gathers information. There is no conceivable way for

poorly chosen items to provide useful results. One of the primary ad-

vantages of item-sampling over traditional standardized achievement

testing is that the evaluator can hand-pick the items. Therefore, much

thought and effort should go into building an item pool that contains
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only informative items relative to the objectives of the curriculum
being cvaluated. If one of the objectives of the curriculum is to
promote a "positive attitude" toward a subject, then items designed to

measure attitudes are certainly "informative" items. The present study

would have been more effective if the evaluator had looked at each item

in the pool and asked the question "Is this item worth being responded :

to?" The result would have been to toss out about 20 items that were

included in the final item pool.

Multiple-choice items should be chosen that have distractors which

give insight into common misconceptions. If revision is going to cor-

s A Sesf s s g AP Ere Peatelht wg r it g ErL T Teye A b

rect errors, it is important to know what errors need correcting. Free
response items are also useful in formative evaluation. This is par-
ticularly true in mathematics where it is informative to observe the
approach one takes or notice how the pattern of response changes fol-

lowing instruction. Frequently given incorrect responses often indi-

R O

cates trouble spots.

A few items that are easy before instruction may be desirable.

Most items that are initially easy should be items which test concepts

TRk Ay L e T e L RPETNT J0 VN Sy P

or skills that the developer hopes to maintain at a high level during

S,

the year. Items which are much easier or harder than expected before
instruction are indeed useful. These item. may suggest to the developer
that he modify his planned approach to a topic because pupils know more

about the topic than he thought. However, too many initially easy

PP g e N, R TR

items weaken the usefulness of the item pool for evaluating the cur- §

riculum.
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Characteristics of Test Instruments

For item-sampling to function properly it is necessary thut every
pupil have the opportunity to respond to each test item, It is just
as important that the last item on a test be attempted as the first if
a tfue measure of the difficulty of the item is to be obtained. While
it is reasonable to place the more difficult items at the end of a
speeded or rigorously timed test, item-sampling instruments are likely
to be more effective if easy and hard items are intermixed., If 2 pupil
senses that all the hard items are at the end of the test, then upon
reading two or three problems that he can not work he may become dis-
couraged and give up.

It is likely that questions other than multiple-choice will be
used during a formative evaluation. Since pupils rarely become dis-
couraged when responding to a multiple-choice item, these should be
first on the tests. This study always started a test with ar e .sy item
and then varied the difficulty of the items over the remainder of the
test.

The use of item-sampling in a growth study implies that improvement
in skills and concepts is expected during the period of the study. Since
the item pool is administered repeatedly over the year it is natural for
the evaluator and the curriculum develcper to be concerned about the
effect of the initial testing period--the period where many of the con-
cepts and skills required by the test items have not been covered. Some

pupils expect to do extremely well on every test while others do the

best they can and forget the test upon finishing it. The former group
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13 likely to feel morz comfortable (less anxious) if the instructions
for the tests meke it clear that they will be hard. Also, teachers
should be informed about the purpose of the testing and that while
initially the tests will be hard, they will become progressively easier.
A preliminary letter to teachers describing the testing procedure and

a copy of the instructions for the first administration are included

in Appendix B.

Referencing the Items

A test item is included in a formative evaluaticn because it evalu-
ates & geal of instruction, The curriculum developer has at least a
rough idea about the level of performance he expects on the item fol-
lowing instruction. He also knows if the item represents a simple re-
call of a fact, a complex extension of instructicn, or something betweer
these two extremes. Therefore, it is reasonable for the curriculum
development staff (including.the evaluator) to decide upon a classifica-
tion system for items used in the study. There is a tendency to use
too many categories for classifying items. Chapter V discusses the
categories used to c¢lassify items for PIA-6. Five categories were used:
three mastery lévéle and two transfer levels. A lower bound criterion
was specified for each category. The lower ﬁound reflected the aspira-
tions of the PTA staff for the item following instructionm.

Items should be classified before instruction Legins for several
important reasons:,

I) -As the items. are classified the proiect becomes more

cognizant of its goals.
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2) A few useless and poorly worded items are likely t9 be

discovered-
3) The classification can be done objectively,

The curriculum developer may feel uneasy about classifying items

and then having to report that certain items failed to meet criterion. :

However, formative evaluation does not represent evaluation of the

Se e e

revised product, but rather an evaluation of the developmental year
effort. The advantages of classifying each item far outweigh any fear
of failing to meet criterion.

Use of Results During thg_ﬁormgﬁive Year

If the evaluator keeps test results a ''secret" they are of no
value. For PIA-6 the test items were grouped into homogeneous cate- :
gories. These categories were updated at each testing period and
copies were given to each staff member. The "*", "r" and "c" coding
system used between testing periods (see Chaptzer VI) was useful. It
is recommended that only two symbols be used- one for extensive cuverage
and one for significant review. The "c" symbol was used between testing ;
periods to indicate "related coverage." It was extremely difficult to
decide if coverage related to a particular item had occurred between

testing periods. The '"*! category was uscu to signal major coverage

and couid almost be placed by looking at the program titles. The
symbol "r'" was used to indicate that significant review related to the
item had occurred. Whetlher review had occurred could be objectively .

determined. The use of a code between testing periods is desirable.

It indicates at a glance how the item was affected by instruction over
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the year.

Another aid to the curriculum project would be a brief summary

of the highlights of the testing period. This summary could include l
interesting results on items related to intervening programs, topics

which need review, and results which have implications for future pro-
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gram planning. The present study would have been more effective if f
4 greater attention had been given to this summary. The evaluator must

realize that one of his jobs is to help interprét results--the cur- :

SR TYLY

riculum developer often does not have time to become absorbed in test

P e PR

data.
Summary

Item-sampling proved to be useful in formative curriculum evalua-
tion. It was shown tlat item-sampling could be succeséfully used in
a growth study where it is desirable to obtain a profile of change over ;
a period of time. It is clear that item-sampling provides more de- %
tailed information to staff than traditional testing that uses a single
test with items nnt necessarily designed for the curriculum, The fact . g
that the evaluator can hand-pick all test items is a major advantage
in item-sampling. Since the "items" are the focus of the evaluation,
considerable care must be taken in their selection. Although the design
of an item-sampling study is simple, the parameters involved in such
a study (e.g., population size, sample size responding to each test,
number of items per test, etc.) must be decided upon well in advance

of the study. An example was given earlier in this chapter which il-

lustrates how these parameters operate together. It was suggested that
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once an estimate of the population size is known, and the accuracy of
the sampling estimates is specified by staff, the number of tests that
may be used is determined. To administer several different tests to

a given class, uniform instructions and tests of similar length are
required. Hence, cnce the number of tests that can be used is knowii,
the number of items about which one can gather information is a simple
function of time available for teéting.

Criterion referencing of items was used in this study and is recom-
mended, provided that items are classified early in the study--prefer-
ably before any testing is done. By referencing the items before tne
initial testing period it is likely that undesirable items will Le un-
covered. This would strengthen the item pool. Together, item-sampling

and the criterion referencing (classifying) cof items provide staff

with an efficient, objective and useful evaluation techinque.
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CONTENT SPECIFICATIONS FOR PIA-6 TESTS
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Table 1A represents proposed topic coverage for Patterns In Arith-
metic-6. Although it was developed during the summer preceeding the
actual production of the program, this outline represents a fairly ac-
curate outline for the final product. This table together with Table

2A was used as a guide in developing and collating the test items.

TABLE 1A

AR IR T I L DI RA A, Lt

PROPOSED TOPIC COVERAGE FOR PIA-6

I. Geometry (30%)

A. Measurement

by

1. Linear: Review standard units of linear measure; intro-

’
3
]
4
e
E
3
3
3
;
3
]

duce metric system; review perimeter; conversion
of units by ratio

2. Area: Review standard units of area measure; inner and
outer area; formula for area of rectangle; use of
ratios to convert units; ability to compute area
or .3le, parallelogram

3. Angle: Introduce terms such as ray, acute, obtuse,

straight and vertical angles; use of protractor

to measure a given angle or angle of rotation;




97

point out congruence is equivalent. to equal
measure.

4. Volume: The concept of volume and if possible extend
the idea of inner and outer area measure to
inner and outer volume; standard units; volume
0Z box (rectangular solid); perspective drawings

B. Non-metric aspects of geometry

1. Sections: Notion of a plane section of a solid; use of terms
plane, region, polygon, parallel; 2-D drawings
of 3-D figures; use sections of solid figures to
get rectangle, square, circle, ellipse

2. Reflections: Review qpnstruction of a reflection pointing
out orientation shift; congruence after reflection

3. Dilations: Construction and properties; similarity (review);

(Similarity)

show two similar figures can be related by com-
binations of rigid motions and/or dilations; no-
tion that corresponding sides of similar figures
are proportional; scale drawings as application
of similarity; make simple scale drawings

4. Symmetries: Lines of symmetry of figures and relation to
dil~tions and reflections

II. Fractions (30%)
A. Interpretation: The meaning of a fraction (shaded figures,

number line)

B. Equal Fractions: Fractions associated with counting numbers,
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i.e., g; equivalent fractions; cross product

L TR L I TR 3

test

C. Operations: Review addition and subtraction of fractionms,

AT K T AL RLY

(+s T X) 2 ’3
least common denominator; meaning of-3- of 6
as an introduction to multiplication of fractions; -
number line argument for 6 x %. ..then 6 x % =

Z E
1 1 12 1 f
= x6-but 6xz="<x+=27 :
2 2 2 2 ;
We know the answer must be 3 from the number line

12
argument~-but-'z is another name for 3. Hence,

LZ_x_l__ngxlz
2 ¥*2 " (2x2)°

x 6; use of regions to motivate multiplication of

gquivalence of% of 6 and 2 : ¥

rationals; use of 2 rectangular model to illus-

trate commutativity, i.e.,

wiro
]
wiro

1 < L5
2 X 2

N =
]
w i
w N
]
Y S

N LN

Y i e NPT Pt £ 5 e e, 2L COE R K P03 AT A K 78 T o e a

L,

2 2
6 6

Eventually get to general rule for multiplication

of fractions; give attention to-% x% and 3 X =2 =

6 12

are equivalent (uniqueness aspect); mixed numbers

Q'”
tia s B e e s 8

via distributive property, ec.g., 4 x 3_%_= 4 x
1 y ‘
3 +§) = (4 x3)+ (¢ X'%‘) other combinations : ?

2, .31 .3 62 :
such as 3 X 32, ?.4x 63, etc.
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D.

E.
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Decimals: Review notation for decimals; interpretation of
decimals; writing a rational number as a decimal
when (a) denominator is 10, 100, 1000, etc. (b)
denominator is not so nice; addition and subtrac-
rion of decimals; multiplication of decimals;
division of decimals, e.g., 10.6 = 0.3, 0.6 < 3,
etc.

Operations: Division of rational numbers including (a) a re-

view of equivalence of the statements n = 12 = 4

and 4 x n = 12, Use this to conclude 12 <= 4 and

l% are the same since 4 x n = 12 implies l'x 4 x

4
n = % x 12 = l% (b) the solution of problems like
.1 1 _ . 2 .
n=5<—-,-xn=25 (c) problems like n = = <
2’ 2 3
% (d) division of mixed numbers (e) simplifying

fractions to a basic fraction, cancellation to
simplify computation (f) tabulate functions using

rational numbers without using the word function

Counting Numbers (15%)

A.

B.

Operations - Properties of 0 and 1

1. Review multiplication, expecially problems involving 3
digits such as 263 x 491

2. Division algorithm, writing the sentence to correspond
to division with (without) a remainder

ractors

1. Prime numbers, composite numbers

2. Greatest common divisor, least common multiple

ARSI Wy rrex Ty w1
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3. Exponents (16 = 2'), represent a composite nusber as a
product of primes using exponents
C. Equivalence
1. Equivalent sentences involving integers (fractions);
2xn-= 16<¢==$w% X2xn =-% x 16

Stor§ problem applications

2. Equivalent conditions involving integers (fractions)- e.g.,

eprgliedved? T ST At

N PR IR

b xn<84&p»pn<2
D. Functions - tabuiate
1. Graph a relation on the numbgr line
2. Introduce coordinates and plot ordered pairs
IV. Ratio (5%)

A, Cross product

1. Solution of problems like-% = ?? using cross product

T TR O O N T N TR W e o e T T R 2, ¢

2., Converting from one standard unit to another (e.g., cm,
to inches)

B. Percent

o 65
1. 65— =2
2. £ —decimal — % (% — 75— 75%)

V. Miscellaneous (207%)

A. Probability

1. Sample space
2. Events as subset of the sample space of events
3. Assign probability to an event by ratio of number of ways

favorable to the total number of outcomes for equally

likely events
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4. Complement of an event - given the probability of an event,
what i3 the probability of its complement
B. Statistics
1. Nature of statistics
2. Use of graphs to represent statistics visually
3. Measures of central tendency - the average, mode (?)
C. Problem Solving - extensions of progrum content
1. 1Involving fractions
2. Equivalent sentences
3. Reading graphs, prdbability

4. Syntbesis of various aspects above

TABLE 2A
ITEM ALLOCATION BY TOPIC
The percentages indicated below were used as a guide in collating the
tests. When considered together the twelve tests represernt closely

content and percent coverage specified in this table.

I. Measurement (8%)

Linear (2%)
Area (3%)

Volume (2%)
Angle (1%)

gowk

II. Ratio-Cross Product (3-5%)
III. Scale Drawings (2%)

IV, Fractions (25%)
Meaning of fractiomns (3%)
Equal fractions (3%)

Ordering fractions (3%)
. Addition and Subtraction (7%)

0w >

———
FECTI




VI,

VII,

VIII,

IX.

XI,

XII.

XIII,
X1V,

XV,
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E. Multiplication and Division (8%)
F. Cancelling common factors (1%)

Decimals (13%)

A. Interpretation of decimals (3%)
B. Converting + to decimal (2%)

C. Addition and Subtraction (3%)

D. Multiplication and Division (5%)
Percent (7%)

Division (Long) (6%)

A. Understanding the algorithm (2%)
B. Operating with the algorithm (4%)

Integers (47%)

A. Multiplication (2%)
B. Negatives (2%)

Reading Charts and Graphs (2%)
Number Line (2%)

-

A. Related to fractions (1%)
B. Related to decimals (1%)

Equivalent Sentences “27,)

Probatility (3%)

Counting processes (1%)

The certain and impossible event

Assigning probabilities, recognizing the most (deast)
probable event (1-2%)

O W B

Functions (3%)
Statistics (3%)
Geometry - Non Metric (10%)

Visualize 3-D objects (2%)

Reflections (4%)

Rotations* (2%) L
Symmetry (1%)
Dilations* (1%)

HO O W
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XVI. Applications - Extensions: involving notation, more complicated
story problems, science problems (7%)

*This topic was not tested.
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MATERIALS USED IN THE TESTING
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This appendix contains copies of the various materials that were in-

volved in the testing. Tn order, the following materials are included:

Bl) A preliminary letter explaining the testing procedure

B2) A copy of the instructions used for T1

B3) A copy of the instructions used for 1‘4

B4) The form which was completed by the teacher and returned at

each testing period
B5) A sample class list
B6) A copy of each test as it appeared following the first test- H
ing period

1
B7) A description of changes made in a.few items following Tl' ;
3
i

T T T T A T N T T IR DT,

T e s -

it § Ky

e LA DAL Gt Ml dat BTl r b U Al i ] 4
-




4Bl )

TESTING PROCEDURE FOR PIA-6

Two typés of testing will be done during the aevelopmental year of

PIA-6. One type will be the traditional type of classroom evaluation
of pupils. This will involve a mid-year and end-of-year test of pupil
achievement. This testing will provide information about class per-

formance and. pupil achievement. 4

N A A AL

The second type of testing will represent a somewhat new approach

to evaluation. While a program is being developed it is important for

L SAW et AN

project personnel to have periodic feedback to see if program objec-
tives are being met., It would be nice to have feedback after each
program, but this is not practical. To compromise we have decided to
use a large pool of items administered 4 times during the year to

supplement and complement the periodic meetings with teachers partic-

S A T N P IR e o At e LA Tttt

ipating in PIA-6. The item pool will reflect program content and most

items will be designed to measure specific objectives of instruction.

However, a few items will be designed to measure extensions of ideas

developed in the programs.

Ten or twelve, 20-item tests are planned for this second type of

testing. Each test will contain a different set of items and all teats

will be administered at each testing period. Each test will be divided

into two sections - multiple choice and computation (problem solving).

L) 7’ -

P
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The tests will be sent directly to you; we request that you administer
the tests and return the materials to us for grading. Since your class
will be working on 10 or 12 different tests, the problem of iming will
be important. Testing done in PIA-5 demonstrated that 30-40 minutes
was suificient time for a class taking 9 different 20-item tests. Tt
is likely thst a similar time limit will serve for PIA-6. Considerable
effort will be made to make the tests approximately the same length.

It may seem odd that all items will be given at each of the four
testing periods. However, information gathered on each item at each
period can be useful fqr developmental purposes. For example,‘the
initial testing period will provide a base for each item so that growth
during the year can be determined. It is expected that maximum growth
on an item will accur on the testing period immediately following PIA-
6 coveragé of the concept involved in the item. Sincé some topics are
céQered more tﬁan oﬁce during the year, it is expected that some items
.Qill sho& gain more than once. In addition to providing a base for
each itéﬁ, the initial testing period will provide the staff with
véluable information to aid in the planning of programs.

The active cooperation of every teacher participating in PIA-6 is

important if this second type of evaluation is to be effective. You

should understand what this type of evaluation will not do as well as
what it will do. It will not provide information about individuals
or classes, but about the entire group of pupils participating in PIA-
6. These test results will réflect.group performance on the entire

pool of items. The first type of testing will provide information use-

ful for individual and classroom purposes.

o o B a A i —— b

)
&




108
Since for the second type of evaluation the same tests will be

used at each of the testing periods, two aspects are worth mentioning.

(1) These tests will probably be very difficult at the beginning
of the year, but should become progressively easier. Pupils si....a
be aware of this and encouraged to do their best even though there
will be items beyond their comprehension.

(2) Some pupils may take the same test more than once. This is
undesirable and can be minimized by the way we send the tests to
you and the manner in which you distribute the test materials.
More detailed information about this point will be included in the

directions fer administering the tests.,

There will be two groups of pupils participating in PIA-6. Those
who participated in PIA-5 and those who did not. We woulu like to
make a distinction between these two groups of pupils. Therefore,
we will aék you to send a class list to us about mid-September indi-
cating whether each pupil did or did nct participate in PIA-5. The
class list will serve another function. It will be used as a check to
see how many pupils take the same test more than once. You will not
have to keep track of this nor will you be expected to correct any

tests of the second type.

4B2 p

PATTERNS IN ARITHMETIC
TESTING PROGRAM

In an earlier letter we mentioned that two types of testing will

be done during the developmental year of Patterns In Arithmetic (PIA-6).
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one type will be the traditional type of classroom evaluation of pupils

and will consist of a mid-year and end-of-year test of pupil achieve-

ment. This testing will provide information about class performance

and pupil achievement.

The second type of testing will represent a new approach to eval-

uation. While the program is being developed it is important for jro-

ject personnel to have periodic feedback to see if program objectives

are being met. To accomplish this we have decided to use a large pool

of items places in 12 distinct tests, These tests will be administered

4 times during the year to supplement the periodic meetings with teach-

ers

and administrators. Copies of these tests are included with this

‘ letter. Administer the tests before the: September 27 meeting, At

that meeting aspects of the testing activities will be discussed.

and.

Before giving the tests please read the following General Comments

Directions for the Testing.

CENERAL. COMMENTS

PUVE

. . There are twelve different 20-item "Guestion Sheets" (tests) with
. mapy questions relating ko topics that will not be covered until

. later this year. The Question Sheets" are numbered from 1-12 in

the upper. left-hand: corner of page 1.

The same set of twelve, 20~item tests will be used for the 4 test-

ing periods: September, December, February and May. Since we do

not want a pupil to take the same test twice, a procedure will be
explained below for accomplishing this.

The tests will be difficult at the beginniung of grade 6, but should

]
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become progressively easier during the year.
This phase of the testing will not provide you with any useful
informatica about individual pupils or about your class as a whole,
Tnformation gathered will be analyzed on a group basis and not a ‘

per class or per individual basis. For example, we expect about

“.

90-100 classes to participate in the developmental program and
testing activities. This means that any given test (out of the
12 different ones) will be taken by only 2 or 3 pupils in your
class. We will take the 2 or 3 pupils that respond to test 1 in
your class and put their papers together with all other pupils
responding to test 1 and analyze these as a group. The same pro-
cedure will be followed for each of the 12 tests,

You will not be expected to grade any of these tests. The answer

sheets should be returned to us immediately after the testing and

the test questions destroyed. A new set of tests will be sent
each time the tests are to be given.

IMPORTANT: Directions for Passing OQut the Question Sheets.

As mentioned above, the same set of tests will be used 4 times.
Since it is undesirable for a pupil to take the same test twice,

the tests must be passed out in a planned order. If you will look

through the "Question Sheets" you will see that they are arranged
in a repeating pattern of 12. For example, the pattern could be

2, 3,4, 5,6,7,8,9, 10, 11, 12, 1, 2, 3, 4,-—122 Not Disturb

this pattern.

The pattern arrangement will insure that each test gets taken

about the same number of times. Pass the "Question Sheets" cut,
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in sequence, until every pupil has one. The pupil will put his
name in the upper right-hénd corner of the answer sheet which is

attached to the "Question Sheets." We will make a glass list for

L ttnt 3By it ot B

your class from the names on the answer sheets., Tae class list !

AL T N Do

will contain the number of the "Question Sheets" taken by each
: pupil. This will be returned to you at the second testing period

so that you may make certain that no pupil gets the same test

g
a
?
A
I
3
:

again. Hence, it is essential that you enclose your name and

sSchool address with the answer sheets. A form for this information

,:  SPECIFIC DIRECTIONS: FOR ‘I4f TESTING-SEPTEMBER PERIOD

READ OVER CARE?ULLY BEFORE THE TESTING

1. Reserve about 45 minutes for the testing.
2. Make sure each pupil has iwo pencils and an eraser. The back of
the test cover .and the question sheets can pe used for scratch

3 " paper. '

P Follow the steps below and read the material in quotes to your
class. Before passing out the tests say slowly -

"I have some quesions about arithmetic that I wanu you to 4

. answer.. Some of the questions will be difficult and you :

" may not know the answers. Now I am going to pass the
questions out, but do not open them until I say to."

Now pass out the ""Question Sheets" one-by-one in the order you

receive. them. After everyone has a question sheet have each pupil
—— -

o

tear off garegu}{§ the answer sheet that is stapled with the

questions and is the last page. Then say -

P B WL AR . [
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"Has everyone removed the answer sheet? (pause) Now
write your name clearly in the upper right-hand corner."
(Allow time for this)

A e 2

Now say -

Attt &

"Did you use TV arithmetic in grade 5? 1If your answer
is yes write yes under your name. If your aaswer is
no write no under your name." (Repeat if necessary) N

i Wi

Then say -

"There are twenty questions in all. Scme questions are
multiple choice. You should guess at the answer only
if you can rule out some of the choices. All answers
go on the answer sheet. Now 'open your questions to the
first page and lets read the instructions. (pause brief-
ly) . . . You may write anywhere on the question sheets.
Questions 1-13 are multiple choice. You should decide
whic¢h choice is correct and circle your choice on the
answer sheet provided. You should have enough time to
work on every question. Do not spend too much time on
any problem."

(AN P Ty el PO T

P i R v s i
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Now ask informally if there are any questions. If there are no

questions say -

"You will have about 30 minutes tc answer all the ques-
tions . . . now begin."

A A s P LB g PP S 27 % ad Ml W esh YA -5

Feel free to answer any questions during the testing that are not
related to the solution of a problem. After about 18-20 minutes wander

about the class. If some pupils appear to be moving too slowly, sug-

E
P
I
N
;
q
?
g
p
a
3
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E
K

gest that they start on problems 14-20,

When you feel the majority of pupils are finished, collect the
"Ansvwer Sheets" and "Question Sheets." If about everyone has not

finished after 35 minutes, collect the materials anyway.

(SEE NEXT PAGE FOR RETURNING MATERIALS)

SN s A R R A G,
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RETURNING MATERIALS (September, 1968)

Return only each pupils answer sheet and this sheet.* Destroy

all "Question Sheets" soon after the testing is complete.

Please complete the information below -and' return it with the

answer’ sheets in the enclosed envelope.

Téacher Name

School

School Address

Zip

How many pupils are in your class?

" “n——

About how long did the average pupil spend on the test?

Number of pupils absent?

*Tn an earlier letter a class list was requested. This will not be
necessary since we will construct the list from the answer sheets.

43B3p

PATTERNS IN ARITHMETIC - 6
_TESTING PROGRAM

Enclosed find test materials and directions necessary for completing
part 4 of our 4 part testing program. This is perhaps the most impor-
tant of the four testing perinds. May I suggest that upon completion

of the testing program you retain cne copy of each of the twelve tests.
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A report will be sent to each teacher and administrator involved in
the study. The tests will be useful for interpreting the results and

can serve as a source of questions for class evaluation next year.

. WHEN TO ADMINISTER THE TESTS: On May 15, Program 63 on exponents will

St . .
be shown. Administer the tests a day or two after you have completed

the exercises associated with Program 63. Depending upon your class,

May 16, 19, 20, or 21 should provide an adequate choice of days.

[

Before giving the test please read over the folloﬁing general

comments and Specific Directions for Testing.

GENERAL COMMINTS

1. The same twelve, 20-item tests are again used. The number of each

test is in the square in the upper, right-hand corner of the cover,

2. TIMPORTANT:

A class list for your class is enclosed. It was prepared from

answer sheets returned at T1 and modified following T. and T.. The

2 3

test number that each pupil should receive is indicated beside his

name under the column headed T4 (to correspond to the fourth testing
period). This column represents a random assignment of pupils to tests

and it is very important that this assignment remain undisturbed. A

few extra tests are included for pupils whose names are not on your

—®class list. It makes no difference which test these pupils take. The

important thing is to make sure that each pupil named on the class list

.

gets the test number specified under T4’
Considerable effort has been made to send the tests to you in the

same pattern that they appear under T, on the class list. It is

4

—
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—» advisable that you put the name of each pupil on the front cover of

the test he is to receive. For example, if it is indicated under T

4

that the first person on your class list is to receive test number 7.

then you should place his name on the front cover of test 7 booklet.

Your booklets are hopefully arranged so that the first bonklet should
correspond to the first person on your class list, etc.

3. Columns Tl, T2 and T3 cn your class list have been marked out to-

lessen the chance for error.

4. Be sure and have each pupil circle yes or no on his answer sheet

to indicate whether he participated in ?IA-S. This information is
still needed to group tests.

5. You will not be expected to grade any of these tests. The answer
sheets, attached to the back of each test should be returned to us

immediately after the testing. Copies of each test may be saved for

your own use next year 2nd for interpreting data which you will receive

in the form of a "report on the project."

SPECIFIC DIRECTIONS FOR THE TESTING - MAY PERIOD

READ OVER CAREFULLY BEFORE THE TESTING

1. Reserve about 45 minutes for the testing.
2. Make sure each pupil has two pencils and aa eraser. The back of

the test cover and the question sheets can be used for scratch

paper.

Follow the steps below and read the material in quotes to your

‘1
:
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class, Before passing out the tests say slowly -
"Today I have some more questions about arithmetic that I

want you to answer. Now 1 am going to pass the questions
out, but do not open them until I say to."

2R
PRI, O W R T Lt T T T 3

Now pass out the tests one-by-one making sure each pupil gets the

test number indicated in column T4 on your class list. The number
of each test is on the front cover in the square in the upper,

right-hand corner.

After everyone has a test, have each pupil tear off carefully the

answer sheet that is stapied with the questions and is the last

page of each test. Then say -

IPTPTTR Lo VP

""Has cveryone removed the answer sheat? (pause) Now
write your name clearly in the upper right-hand corner."
(Allow time for this)

Now say -

o
Gt JuAY R R il B e aep A,

-

""Did you use TV arithmetic in grade 5? If your answer
is yes cixcle "yes" under your name. If your answer
is no circle "no" under your name.”" (Repeat if necessary)
.A- »

Then say -

"There are twenty questions in all. Some gquestions are
multiple choice. You should guess at the answer only

if you can rule out some of the choices. All answers

go on the answer sheet. Now open your questions to the
first page and lets read the instructions. (pause briefly) ;
. « . You may write anywhere on the question sheets. ;
Questions (-13 are multiple choice. You should decide
which choice is correct and circle your choice on the
answer sheet provided. You should have enough time to
work on every question. Do not spend too much time on
any problem,"

Now ask informally if there are any questions. If there are no 3

questions say -
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"You will have about 30 minutes to answer all the
questions . . . now begin.,"

Feel free to answer any questions during the testing that are not
related to the solution of a problem. After about 18-20 minutes
wander about the class. 1If some pupils appear to be moving too slowly,
suggest that they start on problems 14-20,

When you feel the majority of pupils are finished, collect the
"Answer Sheets" and "Question Sheets." If about everyone has not

finished after 35 minutes, collect the materials anyway.

(SEE NEXT PAGE FOR RETURNING MATERIALS)

B4

RETURNING MATERIALS (MAY, 1969)

Return only each pupils answer sheet and this sheet.

Please complete the information below and return it with the answer

sheets in the enclosed envelope.

Teacher Name

School

School Address

Zip

Date Tests were Administered

About how long did the average pupil spend on the test?

ENCLOSE THTS FORM WITH THE ANSWER SHEETS
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435 p
Class Size Name
L 5 T3 % School
Time 20 25 25 30
. Address
Absent 0 ? 3 2
Pupil Name PIA-5 Tl T2 T3 T4
1. Janet M. + 9 11 9 2
2, | Paul R. + 5 6 9 8
3. Betty S. + 11 9 S 1
4, Tama B. + 12 2 1 S
5. Carl F. + 8 9 4 )
6. William C. + 7 ) 9 8
7. John B. - 2 3 8 10
8. Richard M. + 6 12 10 11
9. Fred K. + 9 12 1 /
10. Jerry J. _+ b4 1 11. 8
11. Karen S. + 8 1 2 3
12. Vera B. + 12 4 3 6
13. |_Herb K. + 3 1 6 | 12
14. Dan W. - 3 6 1 9
15. Tom R. + 5 3 4 12
16. Evelyn H. + 10 7 12
17. Larry S. + 9 10 7 4
13. Kay S. + 11 10 8
19. | Bobby P. + 2 | 5 |12 4
20. . Rochelle M. + 7 2 11 10
21. Joyce B. + 1 7 6 14 i
22. | Fred W. + 10 4 3 1 i
23, Irv K. _ + 11 10 7
24, June V., - 4 8 / 9
25. Henry V. ‘+ 8 2 3
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PART 1 ’

e 1 5

TWELVE TESTS AND GROWTH GRAPHS

PATTERNS IN ARYITHMETIC

Grade 6 .
1 :
TEST 1
OUESTION SHEETS
Instructions: You may write anywhere on the question gshecla,  Queallong =19 are

multiple choice.  You should decide which choice ig correct and cirele
your citoice on the answer sheet provided,

You should have enough time 1o work on every question. Do not gpend
Loo much time on any problem.

I What is the distance around the rectangle

0 1 2
below? -
below t;} . ’ % r r v 4%,j,
A
7
1 . :
4. On the number line above, point A can be :
named by
1004, 7
: a) 3 .
L )
a ) 7 : [ ] * o 3 : . - f
b) 8 50 + b 13 ] :
d) 16 ly ¢ 3 ;
PR R LA SLONY T Ty 3 L B B
d ) Z 1 1 'l'l,
Jedevdedelevedededee

2. Which of the following sentences is equi-
valent to n x 6 = 48?

ya
a) n=6 x 48 10077
b) 6 + 48 =n ] ¢ ® o J
c) n + 6 =48 50 T
d) 48 + 6 = n .
Sedrlebek drkokdeke B G B
T, Ty
1 - = - 9
3. What is the greatest number that divides 5. What percent of the above figure is shaded?
both 28 and 427 a) 40
1007 _
a2 -] by 50
b) 7 ._‘6“. ry c) 25 ) 3
50 =t ) 1 ;
c) 14 : (l) 8 ] o . [ E
(l) 1‘2 ] \"‘.."--)‘.."(."{..ll,.-'(."("‘,."‘, . t
varea ¥ :
Wl e St ve T s (]

LAY g




Sl M i e

ca)

Light trave:s about 186,000 miles pe%
second. Abcut how long will it take light
to travel 186 miles?

a) 0.00l1 second .

b) 0.01 second ] e
¢) 1000 seconds {1 °

d) 3 hours i

YedededededevedoNel

We have many standard units {or linear
measure. Four of these are yard, inch,
foot and meter. Relative lengths of
these four standard units are repre-
sented by the line segmeuts below. Which
line segment represents one foot?

a) _
b)
c)
d)

11 11%1 1t 1)

fedetedoededet ! LI

Questions 8 and 9 refer to the Graph below

Earnings of Six Boys

=g

‘fom
Dick
Harry
Joe
Jim
John

|
0 $10 $20 $30 $40 $50 $60 $70

Which three boys earned about the same
amount of money?

a) Tom, Harry and John
b) Dick, Joe and Johm ] e e ¢ *
¢) Tom, Joe and Jim

d) Tom, Harry and Joe

10,

«11.

120

Estimate the difference between the
greatest and least amounts of money
carned,

a) about $17 ]

b) about $19 5 -

¢) about $20 T ¢ *

d) about $21 ] )
-

e) about $§25

Pedekeiedededededee

" ot anehin dnches v )
The relationship ;;;ﬁ;— i8 expresscd by
a) %
1004,
3 T
b) 1 1T o o ¢ °
12 50 :-
c) 1 ]
d)-z-[i Y
1 ) Ty
36
e) 1

Yesdekedevededevedrve

The arrow above can spim freely about the
center of the circle. Which section of the
circle is the arrow least likely to stop
on?

a) A ]
b) B I—_:_:__‘_‘_
¢) C E'
d) D ]
ey E i S N

Sedededededekevedede

g
|
%
:
4
3
]
]
3

G a5 AN S taitd A B 8 U M VA e,y ST Y R

e
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; k&
4
121 3
v 3
3
1
3
3
K
; i
; 3
N k)
. )
B 3
3
; 5
' e,
{ 3
iy 1 Z i
& t N IOON 5
3 A T I 1 o 4 o 3
! " - :
4 ¢
! £
! vo + ;
Gy ] ;
’~ kd
Vd -4 a
2 Ve \\\ L #
Vg ~ e Y k
Vd \\ ¥ i T E
Ve ~ e e p-
) ~d T Iy 3
: 12. 1n the above triangular prism, the
. bottom face is named hy

a) ABF
3 b) CDE
3 c) BCEF

B2 R e ol f P il X N 08 Ao S Pt

3 d) ABCD
R e 5
13. A triangle has a perimeter of 60.3 inches. §
I1f each side is 2 inches longer what ;
: would be the perimeter? 1007%- ;
) - ‘é
3 a) 62,3 ] §
: O 3
. b) 64.3 o T
‘ ] :
) . ;
j ¢) 66.3 1 e¢°° §
4 4 68.3 e ;
P T ST S I' 1 ']' Y 7;
§
: GO TO NEXT PACGE ;

250

G
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Work fhe remaining

your answer on the answer sheet in the space provided.

14,

15.

16.

17.

18.

19.

20.

problems on scratch paper or beside tlie problem and place

100%
I
571 «x 68 = ? 4 )
5o -t
]
. 1 T H I
Ty e -
1 5 ]
- = = 9 .
8 + 6 4 o
1 o
H)Oz- T T
What is 157 of 80?2 )
50 T ®
] .
1 e o o
I Ty
Three pieces of paper weigh }

0.03 pounds. How much will
12 pieces of paper weigh?

_ 160 ;
40 200 o o
e

Work problem 19 on the back of 1
your answer sheet. Leave your

ansver there. —_—
3879 + 27 = 2 *
4
T 7 7T 71
10 0%
] —
e [ ]
é\(2=9
5 8 50 +
1 o
Y
T 1T 71
T Ty

122
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PAT.£RNS TN ARI'ITIMETTC Name

Lra?e 6 Did you use TV aritlhmetic

in grade 57 Yes  No
ANSWER SHELET

Circle your choice
1. a b c d 8. 2 b c d
2. a b c d 9. a b c d e
3. a b ¢ d 10. a L ¢ d e
4, a b c d il. a b ¢ d c
5. a b c d 12. a b c d
6. a b c d 13. a b c d

Place your answers for problems 14-20 in the blanks below.

14.. * 18.

15. 19. Answer on back of
this sheet,

16. 20.

17.
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PATTERNS IN ARITIMETIC
Grade 6
)

TEST 2
QUESTION SHEETS

Instructions: You may write anywhere on the question sheets. Questions 1-13 are multiple
choice. You should decide which choice is correct and circle your choice
on the answer sheet provided.

You should have enough tim2 to work on every question. Do not spend too
much time on any problem.

i3

liters . 3.79 o o his
gallons 1

ratio, 1 liter must be about

3. The ratio of

a) 1 cup
b) 1 pint ]
¢) 1 quart k
1——2ao—~—
d) % gallon i .
Yededededededelesese o
I. The above ligure is a
%
) . 104,
A) eivele I 4, Another way to write 2 % ig:
b) pentagon 4
' ] 1
¢) rectangle 50 T a) 0.2 2 3
d) square ; b) 2.5 *
e) triangle '“;T‘1__rfg‘_ c) 0.25 o
Sedkedekdededekiek : ) d) 2.05 v

kdkdeddokkek

2. Mr. Jackson drove Monday, Tuesday and
Wednesday and traveled 1260 miles. How

9 .
many miles did he average per day? 3. IfF = ( 5 ¥ €) + 32, what is F when

a) 420 ¢ =0?
%
b) 500 1004y .. a) 2+ 32
. L ] ®
c) 630 . by 32 .
d) 1260 so T 90 :L———.—
oSk dededeedese ] c) =5 +32 1 o *
] h 4 [}
T T T 1
Ty Ty, d 0 Y




A -

Which figure below has the same percent
shaded as the ligure above.

a) 1)

125

8. If 1 ingh represents 150 miles. How many
miles is it from A to C if you go through
B?

Jedeveklekkdi e

1
The sentence 0,083 = 83 x T is true

when § = ?

a) 0.001 J
b} 10
e o 4
c) 100
d) 1000 ‘v
} T T T 1

Er ety A

<
A
e
B
a) &4 % E
b) 150 _2_..._
c) 30 1 o
d) 600 ' v
e) 675
*deledelededededok
9. If2x N-= %, what is N?
1
a) 6 1004
by 2 : .
vo 4 e
9 3 :
[ 4 L
d) 6 I Ty

Teledrledele etk

IR

i

50 aiw gl et Al At yg Ralbvins

WVE MR G ORL LRI I PRI o Ee b aetd T bt e




10. From the chart above, which day is it

Day

Monday
Toesday
Wedaesday
Thursday

Friday

wost likely to rain,

a)
b)

I1. What is the area of the figure above?

a)
b)
c)
d)
e)

Monday
Tuesday
Wednesday
Thursday

Friday

D A T\ DAL
WISV WIS

Probability

of rain

0

0.20
0.40
1.0¢0
0.30

§)

[

15
16
18

L T R T T LT I, L)
DL LR ATttt )

S0 S S |

61

26[ 1593
156
B}

20

7

1 T o WS

T,

—— -

126

< wp— ge—

1,

12, In the above long divislon problem the

156 really stamds lor

a) 159 -3
b) 26 x 61
¢) 60 x 26
d)y 7 x 2

13. A cut

ol this shaded face?

TevevenvevededeYes

face.

ig made through the above cube Lo
sive the shaded

What is the shape

a) a rectansle but not a square

b a square

c) a parallelogram but not a rcctangle

d) a parallelogram but not a square

3AD ITEM

GO TQ NEXT PAGE

:..'o
JQJ;_T__F_T__

3
E
r
;
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Work the remaining problems on scratch paper or beside the problem and place
3 your answer on the answer sheet in the space provided,

100%
3 2 5
_ L - 9 [
1 “0
i 1 1 . :
1 I Ta ]
15. + == = 1
5 8 T J— . -
ap— .
3 ) °
1 e oy
- T 1) 1
5 1 [ [~ [~ :
16. -j X m XD =2 _
2 b T
1 e ‘e
I3 1] L T 4
> -_: .I., .i.l,
Work problem 17 -on the back of your answer -
sheet. Leave your answer there. N
[ ]
: 1__te a
qP L
17, 8708 % 9 = ? ]
' T 'l T
1oX
18.  Onc inch on a map represents 6 miles.
llow many miles does 3 % inches on v —_—
2 . ®
the map represent?
L A 4
T L] i
§ T, Ty
i 19. John has a stack of 5060 pieces of ;
1 notebook paper. Hlow much does each 3
; piece weigh if all 500 pieces weigh 1
3 pounds? 7 ¢
[ *+—4 "r
3 1007
;
3 %0
: 20, Jim saw a sign in the store window ® e e o
1 which said "207 OFF ON ALL SKATES."
3 Jim bought a pair of skates fFor $8. R, S

How much were the skates originally?
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PATTERNS IN ARITUMETIC fiame
Lragc ¢ Did you use IV arithmetic
- in grade 57 ‘‘fes No
3 ANSWER SHEET 3
Circle your choice
1. a b c d e 8. a b c d e
2. a b c d 9, a b ¢ d }
3 3. a b ¢ d 10. a b c d e :
3 E
:
4, a b ¢ d 11. a i c d e 3
5. a Iy ¢ d 12. a Iy ¢ d ’
0. a b ¢ d 13. a b c d

Place your answers for problems 14-20 in the blanks below.

A ek a f n AP 00 e Pamd O L SR N S Pk (e PR Ml a et AL

14, 18.
5. 19,
16. 20.

17. Answer on back of
this sheet.
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PATTERNS 1N ARTTUMETIC
Grade €
3

TEST 3
QUESTION SHEETS

Instructions: You may write anywhere on the question sheets. Questions 1-13 are multiple
choice. You should decide which choice is correct and circle your choice
on the answer sheet provided.

You should have enough time to work on every question. Do not spend too
much time on any problem.

A
L. 1£N-6 =8, then N is 1.5 l 1.6
a) 68 100%. <L1111111111)
b) 48 _‘To—.—o-
C) llﬁ “o :-
9 ]
d 2 4, In the figure above, the part of the E
Fkefereseiokeokde 3 number line from 1.5 to 1.6 has been :
T, 'l‘l.. divided into ten equal spaces. What 3
number names point A? g
2. What unit of measure would be most )y 4.5 - ;
appropriate to express the length of a = ]
the earth vorm below? b) 3.0 . "f
—— . g
) 1.8 T .. ]
d) 1.53 1.
N Y
) F
fi

. h e o ;
a) square inches 1 e * " W ;

b) centimet_ers seT R I l T ]’ I ' I I I
¢) yards ] 01 2 3 4 56 7 8 91111
d) feet T' T "T' i
Sk ek 1 Y Ruler 3
5. Charles uses the ruler above to measure 4
the length of a knife. How long is the
3. What number in place of [] will make the knife?
following true? a) 7 inches
4 Q b) 8 inches
10 ~ 25
- c) %foot o ® °°
a) 5 ] .
b) 10 ':':.... — e d) 9 lnches — o
&) 19 ] Fekksekkdedckdk
d) 31 ] ;
) 62 l 'l T T 7T
¢ 2
Fededededededededede
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6 inches

9, Which sentence below is not equivalent to
0.9 xC= 27?

a) 9xC=270 ]
b) ¢ = 3.0 ]
¢) € =30 T
N . o
d) ¢=27 =~ 0.9 1. .
Sedeveneveledededele ! v
Iy Tw
6. The large square above has been divided
into four small squares. What is the . 2 _
perimeter of a swall square? }0' 300+ 8 + 5
a) 3 inches - a) 1384.0 :
b) 6 inches h b) 382.5 1 o °° g
c) 12 inches T o ° ¢) 308.4 1 o 3
d) 24 inches 1« ° d) 308.2 1 v
] | L LA E
Fededendnedevevek R e L e Jedelededededededel 2
7. Candy bars are 3 for 20¢. low many coald 11. Which of the following 10-gallon cans ;
you buy for $1.00? _ most nearly contains 10 quarts of water? §
a) o :—7——:—1—‘—-
b) 15 1
c) 40 ]
d) 60 1w C
-..'r—.'__ --------
Seedae P el PR

i .ih) : .c),_

Yedevevededeeveede

12, Which of the following expresses 24 as a
product of prime numbers?

a) 3 x8 -
b) 2x3 x4 ] o« o
8. If the area of the rectangle above is c) 4x6 {' *
18, what is the area of the shaded d 2x2x2x3 -
part? Sdrdedieloletete: ]
.1 ; S
a) 18 = 3 ] -
1 1.6 ° ° 13. Out of 100 cars tested, 4 were found to
b) 3 T have bad tires. What percent had bad tires?
] a) 4 ] )
> T b) 0.4 ]
¢ c) 0.04 T .
seetndedesl e d) 40 J e .
Y

Fesleveverededsvevede
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3 Work the rewaining problems on scratceh paper or beside the probla and place your
3 answer on the answer sheet in the space provided,
- -
“. o
] — .
E 14. 80 x 407 = ? 1 o o o
]
1 ] ]
A -1 [ ]
N I
15. 483 + 21 =7 o 1°°
T 1
-4
] ] 'l T 1
1 1 ] ' :
16. What is = of < 7 1 3
3 5 T ® ,:
I e ) 3
R * v , B
T T T | I
3 I Ty e g e~ ;
7. 5-22-9 T o 3
7 £
. ;
1 ;
T T 14 1 _5
18. 1L 1 inch = 2,54 centimeters, how . :
. . —_—. :
many centimeters are in a foot? k
[ ] . i
* 3
v 5
LI L ¥
19, What percent of the large square is :
shaded? ;
:
i
4
® 3
¢ ® :
.
v
T T T i M
4
3
3 ]
36 B
20, Find the basic fraction for %o’ o *
L 4 1 | ¥ g
T T ;
i 3
- o
3
| %
9
{
" ERIC
| o
[;
%%
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PATTERNS IN ARI'THMETIC Name
de 6
Gra3e Did you use 1V arithmetic
in grade 57 Yes No

ANSWER SHELT g
Circle your choice 3
1. a b c d 8. a b c d ;

2, a b c d 9. a b c d
3. a b c d e 10. a b c d :
4, a b c d 11, a b c d e 3
4
é
5. a b c d 12. a b c d i
;}
6. a b ¢ 3. a b ¢ 4
¢
7. a b c d ;
E
Place your answers for problems 14-20 in the blanks below. :

P g S

FRONG ¢oT A LTEN

%, 18. ;

g
5. __ 19, ;
6. 20.

17.
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Instructions:
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PATTERNS IN ARITHMETIC
Grade 6

TEST 4
QUESTION SHEETS

You may write anywhere on the question gheets. Questions 1-13 are multiple
choice. You should decide which choice 18 correct and circle your choice
on the answer gleet provided.

You should "'have enough time to work on every -question. Do not spend too
much time on any problem.

Read the paragraph below very carefully. Take your time to understand the

examples. If you do not understand these problems g0 to problem 9 and come
back to these later.

The 8 problems which follow involve folding paper and cutting pieces out of
the paper. For each problem there are some figures drawn to the left of
the arrow to show how a piece of paper is folded and cut. In the example
below, figure 1 shows the paper before it is folded. Figure 2 shows the
paper after it has been folded. Figure 3 shows a shaded Square which has
been cut out through the entire thickness of the folded paper. The &
figures to the right of the arrow represent the possible appearance of the
piece of paper after the shaded part is cut out and the piece of paper

unfolded. Only one of these is correct. In this case the correct choice
is c.

Fig.1 Fig.2 Fig.3 Which figure shows the paper unfolded
Example 1
&
I L..... .
Paper belore  folded shaded a b c d
folding square
cut out Correct choice after
paper is cut and
unfolded
Now look closely at example 2 and observe that b is the correct choice.

- |© O
®
®

N Koo il £4 ..

e PP A 1

T R T T W T

P L R e A R R N S TR Y o T N I L L Sy T T L T T TV U ™ "N
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et d

For each problem below look how the paper is folded and cul. ‘then choose the figure
that shows how the paper looks after it is unfolded.

Circle your choice on the answer sheet.

IR e PP SRR PR PG PR LS T X, T P R P N >3 LT IR T i s

. r_ffl(_]__} r"ﬂli"} (;hich sl(;ws the paper un[oldeg
O |l O O O
- NlO e
CI|| I|| I|| I
3. i‘" A
N NN
4. - A - " - !
S' A=
6. E_ R aA AbA CA AdA
] IRV \vARI\vAY, ,
7. X A a b ¢ d . ;
o HISEIES e
" fold Vi— 3 g 3
| oollo 1[0 100
O olile)e |
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9. Which of the following corresponds to a 13. Ancther way to write 0,25 is:
counting number?
25
6 A 2) 1
a) 3 1004, 1007-1
<4 b) _2_5_ a L]
4 ] ° 10 : o
b) ‘g 50 :b *
1 ° ¢) 25 50 o
1 1 100
c) 2 4
] ’ d) IB%% : T'l T—T
d 1 1 t T T, Ty
2 Fedkdokkkdehk

Fekedeednkdedke ke k

GO TO NEXT PAGE

10. A square is nine inches on a side. What
is its perimeter?

a) 9x9 ]
b) 9+ 9 1. . ¢ e
¢) 4x9 .
dy 2x9 i
v
Skedededeikdedodde b

11, John measured the top of his desk and
found its area. Which number could be the
area of John's desk?

a) 2 ft,

b) 90 sq. yds.

¢) 750 sq. in. I
d) 1 meter

-y

Fdkedekdekdodekd !

12, In which figure are all angles congruent?

a) b)

*kkkkkkkik




Work the femaining problems on scratch paper or beside the

answer on the answer sheet in the space provided.

14,

15,

16.

17,

18.

19.

20,

100%

(S [
[
o)
(]

“
wn
o

0.2 x 0.3 = ?

w s

What is of 277

1

[uY
<4

There are 2.54 centimeters in 1 inch,
llow many centimeters are there in_
10 inches?

16 is what percent of 207

A box contains 121 red marbles 87
green marbles 148 yellow marbles and
18 black marbles., If you close your
eyes and pick a warble which color
are you most likely to pick?

Write "four and twenty-seven
hundredths" as a decimal.

100%

S0

problem and place your

I NI |
4

[ |
¥
{
{
i

pe

-
.
-

I

bt

.¢44LL+4_L[;4

136
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PATTERNS IN ARITHMETIC Name
de 6
Graae Did you use TV arithmetic
in grade 5?7 Yes No

ANSWER SHEET

Circle your choice

1. a b c d 8. a b c d

bRt 2 Hadir A e

WALt B O O

AL ek

AT RN RS I Arre

Place your answers for problems 14-20 in the blanks below.

o

14, 18.

15. 19.

16, 20,

v
Rt 5708 A kel § o o ST k- P i A d R

17.

R et gt ]
.

L sk =3
2ot P, R M O R S AN S N K Yer e ay o L LAY N B a T AL
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PATTERNS IN ARITHMETIC
Grade 6
5

TEST 5
QUESTION SHEETS

Instructions: “ou may write anywhere on the question sheets. Questions 1-13 are
multiple choice. You shouid decide which choice is correct and circle
your choice on the answer sheet provided.

You should have enough time to work on every question. bo not spend
too much time on any problem.

1. The sentence 3 x N = 12 is true when b, =24+ (-7) =1 looLq
N =7 9 1 * .
, 100%. - @)
a) joe * b) 5 50t o
b) ) c) -9 4
<) 9 *0 ] d) -5 e A B
: Tl Tb 3
d) 36 ] e) 14 - 3
ek o 'l'l' Fededodedehd e ' g
! 4 :
E
A BC D j’
& ‘L t ‘L 5. If we replace m by 4, then 5
' v ' v ' L] " v l L4 ' v 'l'l VT v Rl ' v l L] ' L § * é
| ! ! I Cxm +8 11 ber ]
1 2 3 4 m - 3
- 3
i ] a) 12 - 3
2. Which arrow above is pointing to a number 12 ] -— 3
5 7 » — - ?
between 2 3 and 2 §? b) 4 1 * o 3
a) arrow A ] ©) ] U i L J I
g R S - d) 20 T " 3
b) arrow B 1o
- dededdedek dededok E
c¢) arrow C i
d) arrow D 1 v
rrTT §. I1f (E,F) represents the number of edges

ek ickddkokdkek (E) and the number of faces (F), what
is (E,F) for a cube?

3. Which object below is about 1 meter long? 2) (&, 4) E 3
! a) Book b) 6, 12) ] ’
: b) Yardstick ] Q) (12, 4) T .
‘ c) car E_—‘_..—‘- 1z, 6) ':1 .’ ’
; d) Bus ] T
F Fhdckkdokse v

AT

RALLA Fand Ao etk 4 4
¥
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10. Tf two distances are cqual, what is the

IS A i

31 | ratio of the first distance to the
9, 284 second distance?
T D0 :
T 1 T 7]
9 b) 1 to 1 L
5 c) 1 to?2 T
7. 1In the division example above, the d) 2tol i
remainder is e) 4tol L B
a) 31 Sekdekokokklded
b) 9
c) 284
d) 5
Fedededekedodfe ek

8. Kay made 200 cookies and used 8 cups of
sugar. ‘The next day she used the same
recipe, but made only 50 cookies liow
many cups of sugar did she use?

a) 2 -
b) 4 ]
:—._'_‘_n.._
c) 6 4+
d 8 ] 11.  The area of the shaded region in figure A
Tl kodokk Y is 5 square units. The area cf the shaded

region in figure B is 2 square units.
The area of the shaded region in figure C
9. Another way to write “four fifths of is

1T~
twenty" is a) 6 square units

.
a) (4 x5)x20 . b) 7 square units ]
b) % = 20 . . c) 15 square units + ‘.
g d 7 L
¢ T+ d) you can not tell ¢
4 4 i .
; c) 5 X 20 1 ° Fededeledetedete ok S
] v

dy 0.45 x 20

Fededeo ko ke

Kot A S L a2

e b T

BT P

AR e L S ]

a g

Buddid s Lindhiaa il - gl PR e B B AR, Jlh Mcaliis Mt b NI UK St A Sl Al e Yer by




-

Clai g ia.

ALnS R

12, If n is a counting number, how is %

S
related to n+ 1’
1 1 .
AV q > n+1 ]
R | E
b) n+ i n ]
o ® o 0
T r
o9 —L_ .1
n+1l  n
d)  you camot tell until you know what n

is=,

Fhkkdkdkhk
Inches of
Rain
City A 12.7
City B. 100.0
city ¢ 2.35
City b 5.1

13. The chart above shows the amount of rain
for 4 cities. Which city had the least
amount of rain?

a)
b)

<)

d)

City A 1 - e
City B o *°
City ¢ *
City b v v

L 4 R 1 4 v

GO TO NEXT PAGE
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Work the remaining problems on scratch paper or beside the problem and place your
answer on the answer sheet in the space provided.

—
o
o
e

14, 1 co

Bl —

+
N
o [
n
~
[ S U0 U U W O N |
v

10 0%

e

-

-t
-
-3
3

15. 708 x 397 50

1]
Y

it bt
1

3
K
- 1 4 1 L{ T 3
A || Il‘ ;
9 ) N -
6. 5 + 3 = 1 + g
KA : . g
- . =v
J e P
] 3
1 T 1 T ?
"y Ty %
17. 0.483 =+ 0.21 = ? N §
i
.
* . v 3
T L 4 ¥ L] :
T, Ty ;
18. Jane made a cake. The recipe called ] %
for %-cup of sugar for each cup of 5 :
flour. 1If she used 6 cups of sugar, ] _ E
] * v 3
how many cups of flour should she use? { o o v :
14 1 T 1 é
T Ty
]
19. There are 25 children in Mrs. ] 3
Strangman's class, but on Monday T . g
only 20 were present. What percent . o :
were present? 1 - ‘Y §

20. Judy had ten dollars and she bought a

sweater for $4.15. How much money
does she hava left?

da 1l

A E it p o bhat e e s 38370 QLA RS L 4 A e <

3
.
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PATTERNS IN ARTTHMETIC Name
Grade 6
5 Did you usc 1V arithmetic
in grade 57 Yes No

ANSWER SHEET

Circle your choice

AT P R L LR R T N L I R D N L T s I S Y T re TN & T2t TR LT VR g G oy o )

1 a b c d 8. a b ¢ d
2. 1 b c d 9, a b ¢ d
3
3. a b c d 10, a b ¢ d e :
4., a b c d ¢ 11, a b c d )
E
5. ] b c d 12, a b ¢ d a‘
4
:
G. a b Y d 13. a b ¢ d :‘1
. i %1
7. a b c d *

Place your answers for problems 14-20 in the blanks below.

14, 18.

15. 19. g

16. 20,

17.




PATTERNS IN ARVITIIMETTC
Crade 6
6

TEST 6

143

QUESTION SHEETS

Instructions: You may write anywhere on the question sheets.
you should decide which choice is correct and circle your choice

choice.
on the answer shee:r provided.

You should have enough time to work on every question.

much time on any problem.

1. Which number below is two hundred ten
thousand, eighty-six?

a) 210,086 1007 .

——e il ool o e

by 21,086
c) 210,860 50
d) 2,001,086
Skkddfek ke SR S S
T T

2. Which number best represeuts the
probability that a person born 300 years
ago is still alive today?

a) 0
b) 0.01
) 1 Eb——
©) 300 .
o o °
dy 1 v

Fedederededeviaatde

3. Five boys share threce melons equally. What

is each boy's share?

a) L melon

5
]
b) 2 melon i
3 Je e —
1, 1,1 T .
c) 3 + 3 + 3 melon 1. o
1 1 1 e
d) 5 + S + 5 wmelon T

PO PRI R PO IS IS 1
Nty

Questions 1-13 are multiple

Do not spend too

4 x 3 2 _ .,
7 z * 12 <
1 o
a) T2 100%
3 —— e 2
®) 8 50 '
1 .
c) 4 . v
l T [} | L1
d) 3 Ty Ty
St ekt tedokde
S T
—T 1 T T T "
1 2 3

In the figure above, the line ST is drawn
to scale: 1 inch to 100 feet. What is
the distance represented by ST?

a) 200
e o
b) 175 ? .
c) 150 "
—t-
d) 125 ;
e) 100 - v
T T ¥ 1

Sededlne et oAt

3 ot

4 vy o

LI TN

G whd RNy Een Tr Xy kwdry sr . w

S Segie

s e de 1 W s

P et 4 ¢
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Aruitoxt provided by Eic:

Ffor which sentence below is N # 1.

a) N= % x 3
N_2
b) il —— e
L ]
c) N= % * o °
] ) T L l'l
d) N=3 =+ 3

St

The carth's crust is composed of many
things. The chart below lists some ol
them,  Which statement below is not true?

Contents of the Barth's rust

Oxygen 46,67

Silicon 21,714
Aluminum 8.1 :-m—;-;uo
Iron 5.0 1°
Calcium 3.67y |

Sodium 2.9 T
Others 6.17

a) There is more oxygen than anything
else.

b) There is less sodium than iron.

¢) Silicon and Aluminum account for
less than 307.

d) ‘there is about 9 times as much
oxygen as iron.

Redevbrededtivtet

Which object below is usually a cylinder?
a) a coke bottle

b) a tin can .

¢) an egg o o o

d) carton of milk

Fedelededededrtvek

9.

10.

144

[f the square below is 2 inches on a
side, what is the area of the shaded
triangle?

a) 2 squarce inches
b) 4 square inches
square inch

1
1 .
d) 5 square inch v

Sedesevedededededtle

What part of the large square above is
shaded?
a) 0.13 ]
1 3 ] :

— —— . o ..

D To * To 1
B L ]

c) 13 ]
d) 1.3 ) .

Ve ket de ik k

A teh

wnes 2 d DAy b m s, AR

v oae

AN

T
T T T LTI ONOr Y RoX W The W PR3- Ps

P L 2 VP DV

B P I bt B L aatl] A Bk T gk b

R

e Alaw ) Rakds Tiyateth it Sy

Loab Bawr en e

o,
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: 11, When one whole number is divided by
another whole number, which of the
following is always true?

a) the divisor is alwvays smaller than
the quotient,

b) The remainder is smaller than the
divisor.

¢) The quotient is smaller than the d
3 divisor, ’

- d) ‘The remainder is smaller than the
quotient.

e) ‘The dividend is smaller than the
5 remainder.

skt

12, Which decimal below is nearest to one
half on the number 1line?

a) 0.152
3 by 0.470
: ¢) 0.510
‘ d) 0.501 T

SR et

®
PR T TP it A0 v Bt R T Ty R T T N LR TP TR R TR R L N L L P )

PONTTIR T

"

100

0 50 T
beeeethiittitiesefisstliosslifitdis g

sk

I

; 13. on the scale above, the reading indicated
3 by the arrow is between

a) 58 and 60 . ;

b) 60 and 62 S .

c) 62 and 64 T

d) 64 and 66 2
; e) 66 and 68 i

afeataalastedteutosteata,fanty
LLRELEIRIS L A Fa

GG TO NEXT PACKH

St e oty

i
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Work the remaining problems on scratch paper or beside the problem and place jyour ;
answer on the answer shect in the space provided. :
o 8
100% , 3
l4, 5 yd. 2 ft, 3
3
2 yd. 2 ft. ' - y
7] yd. 1 £t . e ° :
i A . 10 0% ;
v ?
T :
3 9 T T A 1
L} S0 P E
5. T + —= = 7 '
1. 5 * 10 :
L4 Py
4
e o v ¥
v } B
1 ) oo s 2 e e e e e Tl 1 " 3
16. 0.3 + 5 = . :
* :
' %
T i 1 4 i
17. 39,2 + 100 = ?
3
j
i
4
e e g
18. The sack above contains 4 BIACK :
4 balls and 7 RED ones. 1If you pick k
E a ball without looking, what is the LB k
E probability that it will be RED?
; .
i ) ;
: . -
; 19, Flndothe average of the numbers 21, :
: 33, 26 and 20, °
; o ® :
: :
E“ —— % 3
: 20. A triangle n inches on a side has a ) 3
: pevimeter of 60.3 inches. What is 3
; the perimeter of a tviangle v+ 2
E' inchea on a gide? L .
; ;
[
E“E' ¢ 0 32 %
E
; i
s ‘
§ i
E ;
E; b
% |
2 :

| SRR L




D220

JIT TR

X

PATTERNS IN ARITIMETIC
Grade 6

Circle your choice

1.

a

a

a

6

d

d

d

d

d

Name

Did you use TV arithmetic

in grade 57 Ye§
ANSWER SHEET
8. a b c d
9. «a b ¢ d
10. a h c d
Ll1. a b ¢ d e
12, a [} ¢ d
13, a b c d e

Place your answers for problems 14-20 in the blanks below,

14,

15,

16.

17.

18.

19.

20,

147




148

PATTERNS IN ARITHMETIC

Grade 6
7
TEST 7
QUESTION SHEETS .,
Instructions: You may write anywhere on the question sheets. Questions 1-13 are multiple .
choice. You should decide which choice is correct and circle your choice e
on the answer sheet provided.
You should have enough time to work on every question. Do not spend too i
much time on any problem. . 4
1. Awother name for 2083 is 4. What is the volume of the hox?
a) 20 + 83 1oo. )
b) 200 + 80 + 3 I-tv—s I j
c) 2000 + 800 + 3 1 1 :
U '-"' - é
d) 2000 + 80 + 3 . 1.,
FefederodeTedededon ﬁ : ,
A ey h AR 3
Tl Tl, ;
2. Another way to write 30.3 is )
a2 12 4 R
a + ;
) 303 +10 b) 24 :
303 :
y —/— 4 :
b/ 100 C) '8 Q
— iy 60 :
[ ] .
c) 300 + 0.3 . o dedodededoddadedrds '
d) 3+0.3 o
v
dedekdok ok dokok L p
0 1 2 3 4 3
3. Three of our standard units of measure are Lo b b e B F
meter, centimeter and foot. Which units % i
. . 100 g
are in the ratio —1 ] A
5. On the number line above, which number can E
a) centimeter be used to name point RB? :
foot i ;
~ a) ll 3
] o :
] —— 4 ]
b) _foor <+ 11 .
centimeter ] b) == i ——
. 16 — z
s - [ ]
centimetex T c) 2 3 ]
) Teter H R
Ll T ] i
d) %
. foot
d) —_—
meter eledeedededentels




7.

Number of Children

Bill's father bought new tires. After he
had driven 3,000 miles 25% of the tread
was worn off. How many moxe miles do you
tvhink he can drive before all the tread
is gone? s
1004
a) 3,000 -
b) 6,000 )
c) 9,000 50 j
d) 12,000 }
ek ottt o
T, Ta
lise the chart below to answer the next two
questions,
Attendance ol 25 Children in Fifth‘
Grade Class lor One Week
Lo X 4
Mon  Tue Wed Thur Fri
On which day did the greatest number of
children in this class attend school?
a) Monday J e o e
b) Tuesday ]
c) ‘Wednesday ) T
d) Friday ]
Sekdokkickkdke — T
If the average attendance for the week was

20 pupils pger day, by how many pupils was
the attendance for Thursday below the
average?

a) 0 E o
b) 1 R
c) 2 ]

d 3 3 v

9.

10.

11.

149

A cut is made in the cube above tec give
the shaded surface. What is thc name of
this shaded surface?

a) parallelogram
b) triangle e .
c) rectangle

d) trapezoid

Fekdedkdcieedokk

Which sentence below is true?

Jikkkikkkk
B@®

In the figure above point A is joined to
point B with a curve. What is the
probability the curve crosses the circle?

a) 1
b) 100

c) less than one

1L i1 1 8. 3113
¥

d) greater than one

*dkkkickkkk

s it ity (oW PN Y wal T 7addd WS F ~grar

e

-

R PRI ]

A SA NI AT 5 !



3 150

12, Which ¢l the reglonn shaded show a ;
fraction equal to -!i- ?
100%-
T ot
~ i 0t
= T T 1 .
T, Ty
I 1T ITI
a) 1
b) 1 and 17
¢) TII and TIIT
; d) T and 117
edededod deedodoke
13, T£S$= (3 x1T)+5, what is S when T = 8? -
a) 29 1. "
b) 24 3
c) 5 ]
d 1 T,y
Fedcdekdefeededide
GO TO NEXT PAGE
4
; 3
2
;
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Work the remaining problems on scratch paper or beside the problem and place your :
answer on the answer sheet in the space provided.

100741
4 14. 0.'23 + 0,85 = ? -——‘——.— .§
1 1 o .
50 1
3 1 T T 1 |
2 .= = 2
15. 13 2 — Ty Iy,
®
3 f'l T 1 -T;—T_.__
16. 73 x 48 = ?
. ﬁ
A ] i
: 17. 3 x ( 2 X 11 ) = ? 4 :
] 5¥¢
e :
]
E J :
18, 1088 + (38 x1l.1l) = ? § j
: ] %
; ] o *
B ;
Work problem 19 on the back of your answer
sheet., Leave your answer there,
— " e :
19. 3879 + 27 = ? ;
¥ "I L L %
] (
; 11— j
4 ® {
\ B Y'l L 1
20. For the above triangle, what is the
3 . ) measure of the angle at B,
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PATTERNS- IN ARITHMETIC Name E
Grade 6 g
7 Did you use TV arithmetic 7
ir grade 57 Yes No 3
3
ANSWER SHEET
3
Circle your choice :
3
, 3
1. a b c d 8. a b c d
2, a b c d 9. a b c d ﬁ
3
‘ 1
3. a b c d 10. a b c d 3
3
4, a b c d 11, a b c d 3
/ N
i
h
« 5. a b c d 12, a b c d ]
:
k7 6. a b c d 13, a b c d 3
7. a b c d 3
4 E:
Place your answers for problems 14-20 in the blanks below. :
4 140 18. 3
. ;
15. 19, Answer on back of this sheet,
16, __ ~ 20,

17.

A ————




PATTERNS IN ARITHMETIC
Grade 6
8

TEST 8
QUESTION SHEETS

153

Instructions: You may write anywhere on the question sheets. Questions 1-13 arec multiple
choice. You should decide which choice is correct and cixcle your choice

ca the answer sheet provided.

You should have enough time to work on every question. Do not spend too

much time on any problem.

1. The sentence 3 x N = 12 is true
when N = ?

a) 2 ‘°°7':__°_ °o o *

b) &

c) 9 0T

O
dedekdodededokdek "f:l T,

Use the chart below to answer the next
two questions

Contents of the AirAjgeicen;)

Nitrogen

Oxygen
Argon

Carbon Dioxide

0 200 40 60 80
Percent
2, About what percent of the air is oxygen?
a) 2

b) 20 I
¢) 80 1

d) 19 ]

e) 40 ] vy

3. The ratio of nitrogen to oxygen is about

a). 60 to 20
b) 1toéd _ o
c) 4tol
d) 20 to 80 . o
o [ ]
Fedede dededede e e LA B

4.

2 out of 5 is how many out of 1007

a) 2
b) 40 ——
Y [ ]
c) 20 . ®
d) 25
e) 30 . !’ | S
Jedke kb dekkkk
1

3 5 =

3 :‘ °
a) 3 1 . .

1 o

5 +
b) 2 ]
c) %- ) "l T

7
d) 2

Jokkkkkkkk

L1 L)

31

9 (284
27
14

9

5

i S |

In the division problem above the
quotient is

a) 31
b) 9
c) 284
d) 5

Fedededede dedk de e e

vy

Aty Mg Pt Mg A L A3 SRAT A I ALt e g rew pv

PR TN

Pl fd >

o Pme Rl ey el # e o

R LT T N U T S P
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7. 1 -;- quarts {s what fraction of a gallon? 10. What is the area of a rectangle 8 feet
3 long and 3 feet wide? ;
a) o .
) 8 1007 a) 11 8q. ft. :1 R T e |
b) 1 ? b) 22 sq. ft. s I
2 o 1 c) 12 sq. ft. ] .
¢) % S Ol A d) 24 sq. ft. 1y
8 dekkdedekkokkk :' .
T 1 1 T
3 Ti, Ty
dedededededdcketek 11. Water and sugar are mixed in the ratio: L
3 parts water to 1 part sugart. What :
percent of the mixture is water?
[ 2B
o, a) ]
b) 3 ]
] o °
d) 75 1 .
e) can't tell T
dededek dededciedede
M N
8. A marble is dropped into the tube at P and
comes out at M or N. How many different
paths can the ball travel?
a) 1 ;1 .
®
b) 2 :__'_L_——- 12. Another way to name angle DEC is
¢c) 3 T |
d 4 ) a) angle 1 3 :
- Sekeddededckdckk LI S S b) angle 2 1
l e 3
¢) angle 3 - ;
9. Suppose we decided to write fractions in ¢) angle 4 1y
.a different way., For example, instead of Jedededekedekdedck :
-g-we would write (2,3) and instead of ¢
we would write (7,5). "What would be the 13. All but one number below is greater than &
sum of (1,5) and (3,5)? 100. Which choice is not greater than 100?
a) & . a) 20 x 6 3
[ ] -
b) (4,5) 1 o ° b) 21.63 ;
-————___'—'. -y
c) 14 + ¢) 100 + 0.5 3+ .°°
d) (@3,10) ] d) 100.1 1°
e) (3,25) § ES—— PSPPI E— ;
Fdkkck GO TO NEXT PAGE .

BT AR - L TN A o T T R L s WL C N T 2 s SR T T IR o JPPL )
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Work the remaining problems on scratch paper or beside the problem and place your
answer on the answer sheet in the space provided.

100%
4. 0.3 + £ = 2 . *
L] L] 2
50
[ ]
) J
¥ T 71T ¥
15. 3% x 21 - noon
: 7 X 9 ~ - -
o ©
” [ ]
100k 4 e 4
1 3 .2
16, 3 + 8 - 8 50
T 1 ¥ 7T
Tl T'o -:
17. 6.624 + 16 = ? I .
1 ..
4 e v
L D B
[ ]
...
18, 300 x 800 = ?
LR
19, Charles wanted to make .a dog house of
wood, He would need 10 square feet
for the bottom, 20 square feet for the —_— v
sides, and 12 square feet for the re ¢
roof. Wood cost 25 cents a square
foot, How much would the wood for
-his dog house cost? T
20. A bicycle originally cost $47, It is
on sale at 207 ofr the original price.
What is the sale price?
(-]
LI A
T U ¥ )
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PATTERNS IN ARITHMETIC Name
srade 6
brase Did you use TV arithmetic
in grade 57 Yes

ANSWER SHEET

Circle your choice

1. a b c d 8. a b c d
2, a b c d e 9. a b c d e
3. a b c d 10. a b < d
4. a b c d e 11. a b ¢ d e
5. a b c d 12, a b c d
6. a b c d 13. a b c d

Place your answers for problems 14-20 in the blanks belcw,

14, 18.
15. ; 19.
16. ’ 20.
17.

No

156
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PATTERNS IN ARITHMETIC
Crade o
9

TEST 9
QUESTION SHEETS

Instructions: You may write anywhere on the question sheets. Questions 1-13 are multiple
choice. You should decide which choice is correct and circle your choice
on the answer sheet provided.

You should have enough time to work on every question. De not spend too
much time on any problem,

3. 1If the scale length of 4 % inches

represents an actual distance of
72 miles, how many miles does the
scale length of 7 inches represent?

a) 2
1. The above figurc is a b) 56
1004, 1 .
a)- circle ) ) 743 P
b) rectangle ] . T i
R se 1+ ¢ d) 112 v {
quare J 504 T T T 3;
d) triangle ] e) ]
' Fiokickck
e) parallelogram f; ' T: %
Fedcdcddeddeieck i
4, Which number is the greatest? ]
8]
K
2, Which choice below is equal to l%? a) 0.03 g
b) 0.29 :
L, s ) 0.293 . 3
D5t 3 ;
d) 0.2093 |
by 13 e ® Fekedededdck ek sy v,
8 —-—
§
1 3
c) 7 + 8 " 3
T L T T
7
9y 1% }




5.

6.

7.

D

In the above prism, the back face is
named by

10 0%

a) BCF oo
b) ABFE 4
¢) CDEF so T
d) ADE ]

edcedk ek dokdok R o

T Ty

Which is the least common denominator for

1 1

3 and 8?

a) 6 . —

[ ]
b) 8
[ ]
¢) 14
v

d) 24 T T 7
e) 48

I. 1I.
iii, IV,

Which of the above figures has more than
6 lines of symmetry?

a) I ]
b) II I
¢) III ]. . ¢
dy 1V v

T 1 T 7T

ddkkdekdkkkkk

8.

9.

10,

158

In a football game the Red Team was
penalized 15 yards and on the next
play passed for a gain of 11 yards.
Which sentence tells what happened to
the Red Team on the two plays?

a) 15+ 11 =n

b) 15«11 =n

¢) =15+ 11l =n

d) 11 -15=n
dedekdcdodedcdok

st b s a1y

3 is what percent of 6?

a) 0.5

b) 2 ]

c) 3 ’

d) 50 T .

e) 200 1 e
1 Y

Jane is going to make cookies. She rolls
out the dough and starts to cut out the
cookies, Jane has 3 shapes of cookie
cutters - a circle, a square, and a

star, If each cutter has the same area,
which cookie cutter would probably give
the most cookies after the dough is rolled
out once?

a) the circle
b) the square
c) the star

d) all the same
dekededokdek ik

[
-

-

-

[ X3
»

;
%
3
g
:s*
]
3
|
g
§
a
Y
;
3
|
%
|
%
i
:
|
i
!

-

s
G
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M N
oi 1 2 3 5

11. what is the distance from M to N on the
number line?

a) 2 1007%,
1 i
b 13 jee®”
C) 3 50 :"
1 -4
4 3+ s
2 | | LS L4
dededeedeveded ok T Ty
1"

\ —mcm—— r_.___

”/ 1"
1"
12, 1f E = number of EDGES
F = number of FACES
” V = VOLUME

What is (E,F,V) for the cube above?
a) (9,4,3)

b) (12,6,1) : .
c) (9,6,1) ="
) (12,4,3) :

Kk kkkkrideok

13. What is the area of a square % inch on &

side?
a) %
b) 1
c) 4
d) 4

square

sguare

square

square

159

-
inch o
i
‘1 ——
inch . .
1 [ ]
[ ]
inch
° v
1 T L4 L
inches
Kk 2edededede

GO 1O NEXT PACGE




Work the remaining problems on scratch paper or beside the problem and place your
answer on the answer sheet in the space provided.

14.

15.

16.

17.

18.

19.

20.

0.6 x 30 = ?

..'
19 x 2010 = ?
—e— a *
35 . 1
% T 3% " °

Oranges cost 79¢ a dozen. To the
nearest penny, how much would one
orange cost?

grams 453
pounds 1

then 3 pounds is how many grams?

If the ratio of

A wouse ha$ two walls to go through
and neveral holes. If he starts at

point A, how many routes can ne take
to get to point B? The dotted line
shows one possible way. :

)

L)/

100

50

llllllllLi\

- ‘_‘—vvc‘

160
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PATTERNS IN ARITHMETIC
Grade 6
9

Circle your choice

Place your answers for problems 14-20 in the blanks below.

14,

15,

16.

17,

ANSWER SHEET

12, a b c d

161

Name

N g i D g A A L

Did you use TV arithmetic

in grade 57 Yes llo :
;
i

8. a b c d

9, a b c d e

10. =a b c d

11. a b c d

13. a b c d

A

18.

19.

20,
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PATTERNS IN ARITHMETIC

Grade 6
10
TEST 10
QUESTION SHEETS

Instructione: You may write anywhere on the question sheets. Questions 1-13 are multiple

BRI W .2 - PO T

At A s AR

X
P

1.

choice. You shouid decide which choice is correct and circle your choice

on the answer sheet provided.

You should have enough time to work on every question. Do not spend too

much time on any problem.

The sentence 23 + N = 130 is true when
N=2?

1004,
a) 117 J——o—o—
A [ ]
b) 107 so 1
e) 153 ?
rY—
d) 17 T, T,
dededkeddokdh ke

One third of what number is 9?

<
=e

4. When a triangle is reflected through
a line, which figure below could be its

image?
D
dlfi::::::::>

Fedckdekdokdckk

a) 3
b) 6 ]
) 18 ]
d 27 te, e
dkdekkickkke
T i l‘ T

Candy bars are. 3 for 20¢. How many could
you buy for $1,007?

a) 6 5-———r—v—:—
b) 15 i_ )

c) 20 ]

d 23 v

J«HRN
/
i
\
\

N
\
),
7

N A

-5, In the figure above, use the grid to

determine the outer area of the circle,
What is the outer area of the circle?

Fedededekekeddekk

a) 16 ]
b) 28
c) 36 T
d) 64 : .

)a

B Ty TPt Ly T
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Which fraction is pot equal to the othar
four?

1
a) =
2 100
b) =2 *
27 — &
50
1
c) 3
7 T } H T
d) 21 T, Ty
8
©) %
dededdedck ok ok

An odometer registers the distance
traveled by an automobile. If a car's
odometer registered 7910 miles at the
beginning of a trip, what should it
register after the car was driven 3

.hours at the average speed of 30'miles

per hour?

a) 90

b) 7920 .
c) 7943 tee
d) 7940

e) 8000 T T

Which unit of linear measure is the most
precise?

a) centimeter E

b) inch J o
¢) foot ; * ° ¢
d) yard N

|

9.

10,

163

1f a school is composed of 50 freshmen,
40 sophomores, 60 juniors and 30
seniors, then

number of juniors _
number of students

€))

1
A

o—‘
N’
wl

()
N’
wniw
[ ]

[« ¥
N’
wiro

lp-
(93] (=]

kdekdekdkkickk

The picture below represcnts a lady bug
about 4 times actual size. About how long
is a lady bug?

1 inch ! cm

inch

=
N’
-

b) 1 centimeter

c) '% inch

d) 2 centimeters
Fedekdkkdddok

Aaa e bt a4
| |
[ ]
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13. For which choice below does the dotted
line represent a line of symmetry?

11. The sphere above is cut to give the shaded
surface. What is the name of this shaded

surface?

J

a) ellipse

(7S B B I S W I 1
|
1
!

b) circle =

¢) polygon )
o« * o c) |

d) egg shaped T 1 T T

dedekkhkkkkk

-— s e e e e

- ® o E
—e v )
4

LI v ] | g
;
GO TO NEXT PAGE :
12. What percent of the above figure is shaded? _ :
a) 36 . 3

b} 0.36 ]

. o [}
C) 54 '.\'& :- o W °
d) 0.64 ]
] 4

Fededcdcde ke dedok e —Tr




Work the remaining problems on scratch paper or beside the problem and piace your-

ansver on the answer sheet in the space provided.

14,

15.

16.

17.

18,

19,

20,

00%
1 S

)
15 15 T 5o

Ty Ty
1
—_— = 7
8 + 10
2.5 _ 2 I I e—
1 ~ 10 ; .’
4 [ ]
4 °
JL..,......'._!I..._r._...

2186.73 + 801 = ?

3
Write g as a decimal. < .

How many square yards of carpet are
needed to fully cover the floor of a
room 12 feet by 15 feet?

The sentence F = ( g x C) <+ 32

shows how F is related to C.
£ ¢ = 30, what is I?

L)/
100
50 °
®
* o
T 1 LN
T, To
+ e
[ J b .'
T T T 1

e ek AR E et o

A e

AR L 5T L

Loamd o~

P

AR 8 d ST g S 4T S v




PATTERNS IN ARITHMETIC Name
Grade 6 .
10 Did you use TV arithmetic

in grade 57

ANSWER SHEET

Circle your choice

1. a b ‘ c d 8. a b c d
2, a b c d 9. a b c d
3. a b c d 10, a b c d
4, a b c d 11. a b c d
5. a b c d 12. a b c d
6. a b c d e 13. a b c d
7. a b c d c

Place your answers for problems 14-20 in the hlanks below.

14, : 18,

15. 19,

16. 20.

17.

Yes No

166
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2
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%
3
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PATTERNS IN ARITHMETIC
Grade 6
11

TEST 11
QUESTION SHEETS

Instructions: You may write anywhere on the question sheets. Questions 1-13 are multiple
choice. You should decide which choice is correct arid circle your choice
on the answer sheet provided. -

You should have enough time to wark on every question. Do not spend too
much time on any problem.

1. A book has 123 pages and Nancy has read 83.| 4. 1"
Which sentence shows how many more pages A__Z____P
are left to be rzad? 3
a) P =123 + 83 N P
by P =123 - 83 50 + In the figure above,
c) P =123+ 83 ] length of AB _ 6
o 1 length of CD ~ “°
d) P=123 x 83 T T T
R Ty Ty, 1
Seddededededededex a) 3
| b 3
2, If2xn=09, what is n?
2 — —
a) % - ¢ 3 .
1 L J
2 :__ o« o d) }_ T T
B 3 1 ., 2
1 o S
) 1 ] ) 3
. 4
T 1 1 ¥
a 18 dekddcick ke leke
Jedokdedededcieee
5. One way to reach 2 on the number line is
3. The bank received 59 interest on a loan of 3 2x0 3
$300,00 for 1 year, How much interest was b) =3+5 ) . ;
received? ¢) -1+ (-1) ‘
L J ;
. a) $5.00 d 5+ (=2) . 3
3 b) $6.00 etk dddik ] i 2 ;
E o o Y T :
1 c) $1.50. LI
§ d) $15.00
: Sedddokk ok ‘ ) P

Lt ails - ca L ans atie SV
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B c

9. 1In the triangle below, n = ? :
p
8 n ]
5 12 ;
A D 90° no 23
a) 60 3
6. If ABCD is a rectangle, what is the area b) 45 3
of the entire figure (the rectangle and 5 ‘
the triangle)? ) 30 . 3
a) 116 1004, d 15 e * 4
- [ ] B
b) 480 ] ok 3
4 v 3
C) 136 50 T ° T 1 T T ;‘

a2 1°.° 10. Which sentence shows how to find the
‘ . length (L) of the side of a square when £
Fekededekdededokde T you know the perimeter (P)? g
Ty Ty 1 5
a) L=7xP §
7. When a counting number is divided by 23, é
what is the greatest possible remainder? b) L=4 %P :
0 o ; ST N -
b) 5 ] . o o %
o4 v k
c) 22 T . d) L+4=pP T T ;
}
d 23 1 ° o Feddededekkdokk E
] :
e) 99 T T T ;
Ao GO TO NEXT PAGE :
3’:
:
8. 1000 = 10 x 10 x 10 = 10° ;
100 = 10 x 10 = 102 p
1000 x 100 = ? . :
. :
d—._ 5
a.) :_ ® b 4
b) 6 ]
. A
c) 105 ] L 4 3
6 LR ;
d) 10 3
Irdededekkokdekk z

3




11,

Charles is using a grid with a square
centimeter unit to determine the inner
and outer area of a figure. He finds
the inner and outer area are equal.
Which figure below could he have
measured?

C
V
[\

c)
d)

100
°
o
o )
50
T T ¢
T, Ty

12.

13.

169

Which number below is nearest to zero on
the number line?

1
a) ) e
1 .
b) 7
c) %
. T
d) T

Fekdedchokededokod

Imagine a bag that contains 5 red
marbles and 2 blue marbles. How many
blue marbles would you need to put in

the bag if you want to draw a blue marble
about as often as a red one?

a) 5 -
b) 3 T
o 2 3 —
a7
2) 10 ]

Fekkkkdedkdk

GO T NEXT PAGE

.
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Work the remaining problems on scratch paper or beside the problen and pnlace your

answer on the answer sheet in the space provided.

14,

15,

16.

17.

18.

19,

20.

27.6 -3 = ?

i\
»
L]

Write "two hundred one and fifty-three
thousandths” as a decimal.

Work problem 17 on the back of your
answer sheet. Leave your answer there.

8642 + 90 = ?

It is estimated that by the year 1975,
50% of the people will be less than
28 years old. If this is true, and
by 1975 there are 220 million pecple,
how many will be less than 28 years
old?

Gasoline costs 35 Tg cents per gallon,

How much will 10 gallons cost?

When the temperature is 32°F sound
travels in air at about 1,088 feet
per second. For each 1°F increase

in temperature sound travels 1.1 foot
per second faster, How fast would
sound travel at 70 F?

100

50

I
L ]

_L_.I_L-I_'._I_I_I_I_l
‘ 1
I

‘
4 +.

.

170
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1
PATTERNS IN ARITHMETIC Name 3
brai; 6 Did you use TV arithmetic 3
in grade 57? Yes No :
ANSWER SHEET 3
Circle your choice ;
3
l.a b ¢ d 8. a b ¢
2. a b c d ' 9., a b c d §
3. a b c d 10. a b c d
4, a b c d e 1. a b c d :
s
5. a b c d 12. a b c d
6. a b c d 13. a b c d e

Place your answers for problems 14-20 in the blanks below.

i e % 2 dma hh R S P L S A Ve 2re e cratal AN 1Y AR AN adt LA,

14. ~ : 18. —
:
15.’ e e 19. i
g
;
A
16. 20. 3

17. Answer on back of this sheet.

T i i s gl
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Grade 6
12
TEST 12
QUESTION SHEETS
Iastructions:

1.

2.

You may write znywhere on the question sheets. Questions 1-13 are multiple

choice. You should decide which choice is correct and circle ycar choice

on the answer sheet provided.

You should have enough time to work on every question. Do no: spend too

much time on any problem.

Which fraction below is the least? 3.

1

a) 2 1002,
* o 4
b) %— ———
59

<) 3

10 1.

. ) e
d) 820 Tl Tlo

The drawing below is a picture of a Euglena,
It is8 drawn about 100 times its actual
size. About how long is a Euglena?

a) 1 millimeter
b) 1 ceatimeter

¢} 1 inch L

d) 1 yard 1—
Feckededek koo ——T—

Suppose you tos3s 5 pennies in the air and
write down the number of pennies that
fall "heads-up." How many different
numbers would it be possible to write
down?

a) 8 i-
b)

6
c) 5
d)l& o e
Feddekdedok ek
A B C
1 1 1 1 i '
| § ’ . B B [7
0 1 3 1
2 4

On th. oumber line above, point B is half-
way between point A and point C. What
number names point B?

1 1
a) 2+ 2
1 —_—
b) '3
[
5 o« *
C)s LN SRR S |
2
d) 3




5. Triangle ABC is a right triangle. What
is its area?

A

a) 12
b) 10
) 7x15 s
®
d 6 ey
N T LD B S
Fededededdededekk Tl T,

6. What is the area of a square % in., on a
side?

a) % 8q. in.

]
b) 1 sq, in, ]
y Laa i i .
[ ] 4 sqo n, : . @ -
1 i J L
d) 4 sq. in, M
dekdhddehdkok
é
a-

7.

8.

Ll a2 3 & 9 t 1 1 J

A cut is made through the above cube to
give the shaded face. Which figure below
represents another cut with a shaded face

congruent to ABCD?

15 is divisible by 3 with no remainder.
What is the next higher counting number
divisible by 3 with no remainder?

a) 16 -
4 « ® o
b) 17 17
c) 18 3
d) 19 ]
e) 20

P
R
;
<

TR L Led Ch A

D Rt 2t » T o

s el 2 Tkl 1 aad” £
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Questions 9 and 10 refer to the graph below.

|
s 3
= ] A P
£ ) |
.E T ! i
© e 1 white ’
g 1 red '3
- - e
g A B C »
| 2 3 4 ;
Time in hours 12, Imagine 3 sacks that contain marbles as :
9. Three hours after starting, car A is how above.
many miles ahead of car B? Sack A contains 1 vhite and 1 red marble Ly
i
a) 2 Sack B contains 3 white and 3 red marbles :
b) 10 Sack C contains 1 white and 2 red marbles
) 15 o If you reach in a saeck and pick a marble =
d) 20 « = ° without looking, which sack would the :
, 1 &
e) 5 1 probability of a red ball be the greatest. E
& LA B a) Sack A 3
10. How much longer does it take car B to g0 b) Sack B « i
50 miles than it does for car A to go c) Sack C P ?
50 miles? , :
) d) It makes no difference 2
a) 1 hour 15 minutes ke Yo s
b) 1 hour 30 minutes :
¢) 2 hours —y——a o 13. Which number below is between % and 1? :
d) 2 hours 30 minutes 1 1 :
e) * 2 hours 45 minutes S v T a) 3 + 3
ek dedode §
b) g + 1 —_
5 1 ® e ° ji
12 ° :
c) - + < 3
17 215 ) 6 7 f
‘17 S i
45 i d) 0.30 4+ 0.20 ¥
34 dededededededokdok g
11 §
GO TO NEXT PAGE ;
11. After the long division above has been i
done, whici:. sentence below can be written 1
to express the result?
: hd °
a) 215 = (12 x 17) + 11 1 e -
b) 215+ 11 = 12 x 17 1 -
c) 45 -11 = 34 ] ;
Y 215 - 170 = 45 1 v . |4
LR S B | < [
% Fedekededed ke

3
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Work the remaining problems on scratch paper or beside the problem and place your answer

on the answer sheet in the space provided.

14. 0.8 - 0.3

n
)

10&%
. °
15, 627 x 388 = ? 501, ®
1 1 N
- - - = ? T T
16. 3 2 3 2 ? 1 "

Work problem 17 on the back of
sheet. Leave your answer there .

17, 3120 =+ 500 = 2?2

18. A car can travel 60 miles on 5 galluns
of gas. At this rate, how many niiles
will it travel on 1 gallon of gas?

19. 4 $20 tent is on sale for $19. By what
percent has tha price been reduced?

7

- column

of water

20. One cubic foot of water weighs 62.4
pounds. How much does a column of water
one inch square and one foot high weigh?
Write a sentence to show what must be

done to get the answer. You do not have
to find the answer.

10~%

el e

o ®
50 i
LI S §
T, T

o o °®
—

®
T
L

]
1

S

TS NN

TR rmm

W

SN S e SRR S o
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PATTERNS IN ARITHMETIC Nanie §

Grade 6 :

12 Did you use TV arithmetic :

in grade 5?7 Yes No 3

ANSWER SHEET ‘

!

Circle your choice !

E

E &

1. a b ¢ d 8. a b c d e g

:

2 ) a b [ d 9. a b c d e vl

1

2, a b c a 10. a b c d e j
4, a b c d 11, a b c d
3 5. a b c d 12, a b c d
6. a b c d 13. a b c d

4
%
g
£
K
4
3
3
El
3
ﬁ
7
;
3
g
;

7. a b c d

Place your answers for problems 14-20 in the blanks below.

14. 18.
.

; 5. 19.
‘ — 16. 20.

17. Answer on back of this sheet




Problem

(1,19)

(1,11)

(2,19)

(3,17)

(3,19)

7,12)

(8,4)

177
4B7 b

CHANGES IN ITEMS FOLLOWING T1

Change

At T1 the problem was 3879 + 27 = ? with no instructions
to work the problem on the back of the answer sheet.
Following T1 the instructions stated: '"Work problem 19
on the back of your answer sheet. Leave your answer
there." The problem was the same as T1: 3879 + 27 =7

The words ''least likely" were not urderlined at Tl.

At T, the problem read: "John has a stack of 500 pieces
of notebook paper. How much does each piece weigh if

all 500 pieces weigh 15 pounds?'" After T1 the 15 pounds
was changed to 3 pounds. .

The ? mark was added after Tl.

At Tl a2 single row and column of the square grid were
shaded and the correct answer was 19%. Many pupils put
20% because they counted the row and column intersection

twice. The correct answer following T1 was 96%.

At T, figure 1 had two parts shaded and after T. only

1
the upper-left quarter circle was shaded. This improved

the problem considerably.

At T1 the problem read: "2 out of 50 is how many out of
100?" The choices were a) 2, b) 4, ¢) 20, d) 25, e) 30.

Following T, the problem read: "2 out of 5 is how many

out of 100?" The choices were changed to: a) 2, b) 40,
c) 20, d) 25, e) 30.

TR R A T N T L U LT Ty en
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(8,12) The same figure was used at all testing periods. How-

ever, at T, the question was: "In the figure above,

1
angle AEB is the verticle angle of which angle?"

(10,2) The only change made was to reorder the choices. Orig-
inally they were a) 27, b) 18, ¢) 6, d) 3.

(10,5) The only change made was tc reorder the choices. Orig-
inally they were a) 16, b) 28, c) 36, d) .

Following T, no new changes were made in item content, location, or

2
choice of distractors. The instiuctions were modified slightly at
each testing period. Familiarity with the testing prodecure could

be assumed by T,, but yet some formality was necessary for the sake

37
of uniformity.

In sumrary, every attempt was made to hold both the tests and
instructions as constant as possible so that when item profiles over
the year are analyzed one could be confident that changes in perfor-

mance were not affected by these potential variables.
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APPENDIX C

RESULTS OF THE TESTING FOR T2-T4AND

SUMMARY BY CONTENT AREA*

.-
33
9 1
?
3 i
3 4
A
3 j

* The tables included in Appendix C are explained in Chapter VI.
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APPENDIX D

CHECK-UP TESTS DESIGNED TO

SUPPLEMENT THE FORMATIVE EVALUATION
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Patterns in Arithmetic
Checle-up 1

Instructions: Find the
answer to each question.
Your teacher will tell you
where to put your answers,

-

it o

1. Write three hundred twenty-nine thous-1dths as a decimal.

2. Add the mixed numbers 3 - and 1 1 . Write your answer as a mixed |

number. ° 6
B C . .
3. What is the perimeter of rectangle ABCD? )
4., What is the area of rectangle ABCD? A 4 D ‘
2 |

5. What fraction of the circles are shaded?

6. Write -2% as a basic fraction.

8 7
7. Write the sum 10 + 1000 as a decimal.

8. Find the number that makes the sentence below true.

3

2,3 _
7 Y= m

9. Which number below is least?

1 2 .

m.l—l

23.6 s

10. Solve the sentence 16 x g = 208,

©
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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The picture at the right represents two
fractions that are equal. What are these
fractions ?

> D

Solve the sentence Zgz - g' = n,

Write as a decimal.

123
1000

If 5 pounds of apples cost 60¢, how much will 3 pounds cost?

5ll
What is the volume of the bgx ?

Each side of a square is 1 ft. 3 in.
What is the perimeter of the square ?

Mr. Jones collects eggs on his chicken farm each day. One day he collected
6213 eggs and put them into cartons with 12 eggs in each carton. How many
cartons did he fill? How many eggs remain ?

The auditorium at school has 41 rows of seats with 36 seats in each row. One
day every seat was taken but 3. Write a sentence to show how many seats
were taken. Solve the sentence.

One morning the mileage on Bill's car read 12063.8 miles. At the end of the
day the mileage read 12317.5 miles. Write a sentence to represent the num-
ber of miles traveled during the day. Solve the sentence,
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DEVELOPMENTAL YEAR RESULTS FOR CHECK-UP 1

Check-Up 1 was administered following Program 15. It was found
to be weak and difficult and was modified for inclusion in the Pupil
Exercise Manual. No summary statistics are available for the modified

version, however, a few items were the same and the results for these

items are summarized in Table D1.

TABLE 1D

RESULTS FOR SELECTED ITEMS ON CHECK-UP 1.
114 PAPERS WERE SCORED

96
PR TR PP PR P LY 0

Item Percent ) ;
Number Responding Correctly é
i 1 57 |
i 2 | 67
14 49 a
18 Cartons  74%, Extra Eggs 80% 3

19 Sentence 627, Answer 3%

3
|
|

20 Sentence 72%, Answer 607,
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Instructions: Find the answer
to each problem. Your teacher

will tell you where to put your ® O
answers, ® ® ° o
:,'.
3. There were 126 apples in a
F
basket and -;- of them were
green. How many were green?
P
a) 34
C b) 42
1. Which choice represents the c) 84
correct way to name the angle 2
above ? d) 125 3
a) £ FPC e) 378
b) Z FCP
c) /L CFP
d) £ PFC
e) £ PCF
2 8 _
K3 —_ " 4"
2, 7 X 11 f 2
a) %‘3 5"
1 4. 'What is the volume of the
b) -;_3— rectangular box above ?
6 a) 10 cu. in.
) 16 b) 11 cu. in.
77 c) 11 in.
16 d) 40 in.
d) 18 e) 40 cu. in,

©
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1
5 2 x 3 x 7 = 9 _ q
2 x 7 L j
|
a) 42 ! *
b) 21 [ 'j
c 14 : 3
d 3 6 15 E
[ :
l 3
ol -
D 30 L F ;
; |
8. What is the area of %
triangle DEF above?
6. Hamburger costs 69¢ per pound. a) 48 sq. units 3
How much would 2 pound of b) 24 sq. units %
3 c) 20 sq. units
hamburger cost? d) 40 sq. units
e) 19 sq. units
a) 99¢
b) 50¢ ;
c) 46¢ 1
d) 40¢
e) 23¢ 9. Which choice below will
be greater than 263?
a) L x 263
b) & x 263 ;
_ 3
7. Solve the sentence c 1 % x 263 3
{
j oxn =1 d) 0.93 x 263 ;
S
a) 3
b) 2 10. The sum of the angles :
5 of a triangle is
c) 2 a) 90° '
3 b) 180°
d) o c) 270°
d) 300°
e 1 e) different for each
triangle
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For the next S problems choose the 14. The fractions %, 5-13', 'I—I-, and
word which best fits the sentence. 6
7 are all
11. The is a fractions.
standard unit of measure }
for angles. a) stretcher j
a) erg b) mixed ‘f
b) protractor c) ba.sic
. d) prime
c) inch e) odd
d) centimeter °
e) degree

15. The distance around a square

12. The number of square uaits in 1: called the of
the interior of a closed region the square.
is called the _ a) perimeter
of the region. b) area
a) perimeter c) volume |
b) area d) edge
c) volume e) face :
d) altitude
e) grid

GO TO NEXT PAGE

13. One figure that always has
four congruent angles is a

a) rectangle _ g
b) triangle
c) parallelogram ’ |
d) polygon :
e) trapezoid ! é
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MATCH 3
;
For each problem in List List A find the answer, locate it in List B, and place it in ;
the blank. Use scratch pa paper when nécessary. Answers may be used more :
than once. i
%
List A List B 1
B B ]
16. 2.0 - 0.4 63 L j
7 é
1
3 2 |
17. 1.3 + 0.93 6 :
. 5
18. (g x 21) - 6 9 j
1
3
2 _ 3 g
19. 3 X ¢ 33,000
3 :
i
4 36 3
20 T X 45 66 %
) 3
21, 3% x 21 180 ;
2.4
1.6 1
7. (L 16 . -
22, TR (3 X 7) 1.33
0.303 _
0.033 3
23, thirty-three thousandths
24, reciprocal of 3




Work the problems below. Your teacher will tell you where to put your answers.

25,

26,

Solve the sentence

and write your answer
as a basic fraction.

When ABCDE is reflected through line L

a. Which letter names the image of point D?
b. How long is the segment OS?

c. How many degrees are in /2?

d. If the distance from point C to point S is

21", what is the distance from point C to
the line of reflection ?

223
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8"

- 1"

27. Find the area of the above parallelogram.
Include units with your answer,

fé

28. Divide: 2342 - 61
After you have done the division complete

the sentence below,

2342 = (61 x ) + ‘

WL APS TN R g H LT T A ALY e, M

29. Divide: 72031 + 3

After you have done the division write
72031 .

9 as a mixed number.
72831 = (mixed number)

S AR L T DL T Ty
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DEVELOPMENTAL YEAR RESULTS FOR CHECK-UP 2

Check-Up 2 was administered following Program 30 and 264 papers
were scored. The mean score (based upon 100 possible points) was 64.1
and the standard deviation was 21.7. Table D2 shows the percent re-

sponding correctly to each item.

TABIE 2D

RESULTS ON CHECK-UP 2 BASED
UPON 264 TESTS SCORED

Item % Correct Item % Correct

1 88 17 85

2 98 18 77

3 80 19 74

4 75 20 73

5 74 21 62

6 a9 22 66 j

7 80 23 57

8 33 24 36 g

E 70 25 22 ?

10 36 26 a) 93 b) 75

%‘ 1 44 o c) 59 d) 63

12 59 27 43

13 56 28 Division 61

; 14 84 Sentence 64 ]
: 15 74 29 Division 62

i 16 78 Sentence 56 |

?
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P%ec[(ns in Arithmetic

Instructions: Find the answer
to each problem. Your teacher

will tell you where to put your
answer,

1. Which choice below shows how to

write 973¢ as dollars?

a) $0.973
b) $9.73

c) $97.30
d) $973.00
e) $9730.00

2. 4——t—tt
2

0 1 3 4

Which sentence below is repre-
sented on the number line graph
above?

a
(NS e B Bl |
IN VvV V]IV A
e Be BN G I CC T G )

2
To solve *ine sentence ; xn=170

a) Multiply both sides by 3

b) Add Eto both sides

c) Subtract %from both sides

d) D1vide both sides by 3

e) Add _:-3_ x n to both sides

w

—

oo
|
I
!

Two thirds of all light bulbs
tested were bad. If 24 bulbs
were bad, how many were tested?

a) 72
b) 48
c) 36
d) 28
e) 16

X Y -
Lot i arere 20 ) i g0 AL mhad B faZ @V, 3% Bttt TRV Y5 b s BT samen o At 9Ebu b b amgfmmon Kor v x5 L i i n s

St g e




Mr. Brown had a leak in a water
pipe and placed an empty 5 gallon
can under the leak to catch the
dripping water. A few hours later
he returned to see how much water
was in the can. Which number
line graph shows how many gallons
of water could be in the can?

————————
2 3 4 5

o
—

+
-+

-

100 x 0.76 = ?

a) 100.76
b) 7.6
c) 76
d) 760
e; 1.76

227
Problems 9 and 10 refer to the graph

below.

451
404
351
30+
251
20
154
10+

5-

0

S D K H M

The graph above shows the average
yearly rainfall in inches for San
Francisco (S), Denver (D), Key West
(K), Hartford (H) and Minneapolis (M).

9. Which city had the greatest
amount of rain?
a) San Francisco (S)
b) Denver (D)
c) Key West (K)
d) Hartford (H)
e) Minneapolis (M)

a) 140

b) 14.0
c) 1.4
d) 0.14
e) 0.014

10. What was the average yearly
rainfall in Key West (K) ?
a) 43 inches
b) 38 inches
c) 33 inches
d) 25 inches

e) 20 inches
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11. . 14, 2+3 2
/ TS D 57
14
. R L §
v b) lg
Fig. a Fig. b Fig. c Fig. d 21 -
) 15
Each figure above has volume. 714
For which figure could the volume - )
be found by the formula: d) 1—%
Volume = (area of base) x (height) 6
a) Figure a ) 35
b) Figure'b
c) Figure c
d) Figure d 15. Which sentence below is
equivalentto n - 12 < 3?
12. The sentence n > 3 has many g; : : g
answers. Which choice below is o n =15
0 =
not an answer ¢ d} n <15
a) n=0 e) n< 4
b) n= 1
C) n= +800
d n= §
+
el n= 3

13. 1f you divide —g' pie equally
among four people, how much
would each person get?

|
a) 5 pie 16. To find the volume of the vase
] above, it was filled with water
b) 7 pie and the water was then poured
into the box. What is the volume
| of the vase?
c) ¢ pie
a) 12 cu. in.
| b) 14 cu. in.
d) 5 Pi€ c) 24 cu. in.
! d) 36 cu. in.
e) 1 pie e) 60 cu, in,

©
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17-21 - -1
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2 1 0 1 2 3 | h

+
Notice how the point A = 3 has been indicated on the number
line above. In a similar manner indicate carefully and neatly
each of the following points:

+1 -1
B='5s, C=0, D=1, E= '3, F= 13

23. Solve the sentence: 27 . A board 17 feet long is cut into
+ - 1 S. i
4 + 3 =n 3 equa% pieces. How long is
each piece?

Sentence

Answer

24. Are.all positive numbers greater

o~z
R LY R T T VI T TN P L s

+
than %? Explain your answer

briefly.

28. Multiply: 4.3

e

25. A scout troop made money by
selling tickets to a circus.
They made $1.05 on each ticket
they sold. If they sold 83
tickets, how much did they make?

29. Multiply: 2.09

Sentence X 1.6
Answer

26. A cake recipe calls for 8-1- 30. Solve the sentence:
cups of flour, If Frances 2
wants to make a cake one-third 1-5 = 6 = n

the size of the recipe, how much
flour should she use?

Sentence

Answer
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DEVELOPMENTAL YEAR RESULTS FOR CHECK-UP 3

Check-Up 3 was administered following Program 44 and 166 papers
were scored. The mean score (based upon 100 possible points) was 68.4
and the standard deviation was 18.4. Table D3 shows the percent re-

sponding correctly to each item.

TABLE 3D

RESULTS ON CHECK-UP 3 BASED
UPON 166 TESTS SCOREL

Item % Correct Item % Correct

1 83 18 88

2 56 19 92

3 54 20 54

4 64 21 69

5 55 22 82

6 58 23 90

7 49 24 51

8 75 25 Sentence 93

9 99 Answer 69
10 89 26 Sentence 40
11 38 Answer 45
12 75 27 Sentence 88
13 70 Answer 73
14 59 28 92

15 35 29 65

16 63 30 49

17 92

SHd 0 G0 3 e d T G B TR




ttems in Arithmetic
k-up 4

Instructions: Find the answer
to each problem. Your teacher
will tell you where to put your

answers.
E
B.
D F
A C
1., Triangles ABC and DEF are similar. 3. Which choice gives the same answer
*  Which angle in triangle ABC corre- I——— o
sponds to angle F? as .3 11.67 =
a) angle A a) 311.67
b) angle B —
¢) angle C b) 3]16.7
d) angle D —
e) angle E c) 31 .167
d) 3167

2. Which number below is the greatest? | 4. 11.3 x 100 = ?

a) 3.63 a) .l130
b) 3.08 ' b) 1.130
c) 3.067 c) 113.0
d) 3.627 d) 1130.

e) 11.300




6.

One day an ice cream shop sold
80 ice cream cones. 35% of the
cones sold were chocolate. How
many chocolate cones were sold ?
a) 27

b) 28

c) 35

d) 45

e) 52

232

Solve the sentence
K= bt (Lox7)

a) 9.2

b) 5.42

c) 4.2

d) 10.0

e) 39.2

Fig. A Fig. B

Is Figure A similar to Figure B?

a) Yes, because both are
parallelograms.

b) No, because corresponding
angles are not equal.

c) Yes, because each figure
has four sides.

d) No, only triangles. can be
similar.

9.

What value of n makes the sentence

2.67 x n = 267 true?

a) .0l
b) .10
c) 10

d) 100
e) 1000

Which number is between 12.6
and 12.77?

a) 12.061
b) 12.073
c) 12.691
d) 12.065
e) 12,600

10.

A bag contains 21 pieces of candy:
13 green and 8 yellow. If you pick

i

NERIE T NE P R T N L T

%
o
B
¢
k.
b
'
%
%
-
=
3
3

.3, R YN AT S b e Lad e A P R AL T g

a piece from the bag without looking,

what is the probability that it will
be green?

a) 13
b) -% ‘
c) -l-g-
@ 5
e) %




11,

Which sentence is equivalent to
142 - n =307

a) n=142+ 30

b) n =142 - 30

c) 142=30-n

d) 30 =n - 142

233

14. How do you write .263 using
per cent?
a) .263%
b) 2.63%
c) 26.3%
d) 263%

12. During a basketball game a
player shot 25 times and made
8 shots. What per cent of the’
shots did he make?
a) 8
b) 25
c) 32
d) 33
e) 68
y\ 10\’
14
n 15
21
13. The two triangles above are

similar. How long is the side
labeled n?

a) 10
b) 9
c) 6

d 4

1S. A doctor kept a record of how
many shots he gave:

Monday 18
Tuesday 16
Wednesde - 26
Thursday 16
Friday 24

On the average how many shots
did he give each day?

a) 16
b) 17
c) 18
d) 20
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27. Divide: 5.922 +=.47 =7
$18

N Answer
w/

25. A $20 tent is on sale for $18.
By what per cent has the price 6 _ 7 _ 4
of the tent been reduced ? 28. If 3 =729, then 3" = *

Answer

Answer

26. What is 15% of 707

Answer
AN

3 ft. post

29. A post 2 ft. high casts a shadow 9 ft. long.
How long would the shadow of a 3 ft. post be?

Answer




Work out the answer for these problems.

16, Divide: 61.5+3 = ? 22. Solve the ratio sentence: 2—874- = -1;10-
Answer Answer

17. A box of cereal weighs 4 %oz.
How much will 10 boxes weigh? W
Sentence
Answer

=

18. Write a decimal between 6, 23

and 6. 24. 23. There were 25 sixth graders in
Mr. Green's class. They were

Answer collecting insects. After 5 weeks

175 insects had been caught. What
was the average number of insects

P L A T

19, If the probability of rain is .IZO-’ caught by each person?
what is the probability that it
will not rain? Answer
Answer
20. Divide: 0.6+0.3=7? *%
Answer *
21. Susan took a spelling test of
100 words. She spelled 81 words 24. Experiment: Flip the spinner..
correctly. What per cent did What is the probability that the
she spell correctly? spinner will stop on a region

with a * on it ?
Answer

Answer

 cmpmees et s~ oo A

B S S et R YN el 1 YL e 3 v s e g Wt B eI b s J7E mee w b b 3 e e 4 e




‘O
.

10.

BIBLIOGRAPHY

Bloom, Benjamin S., Learning for Mastery. UCLA "Evaluation
Comment," M. C. Wittrock, Editor (Address: 145 Moore Hall,

University of California at Los Angeles, Los Angeles, California

90024) May 1968, Vol. 1, No. 2.

Braswell, J. S. and Romberg, T. A., Objectives of Patterns In
Arithmetic and Evaluation of the Telecourse for Grades . and 3.
Wisconsin Research and Development Center for Cognitive
Learning (1404 Regent Street), Technical Report No. 67,
University of Wisconsin, 1969.

Cahen, L. S., Romberg, T.A., and Zwirner, W., "The Estimation of
Mean Achievement Scores for Schools by the Item Sampling
Technique." Educational Testing Service, Research Bulletin
68-39, 1968.

Campbell, Donald T. and Stanley, Julian C. Experimental and
Quasi-Experimental Designs for Research. Chicago: Rand
McNaily, 1963.

Carrol, John A., "A Model of School Learning.'" Teachers College
Record, 1963, 64: 723-733.

Cronbach, Lee J., '"Course Improvement Through Evaluation,"
Teacher's College Record, 64, 1963: 672-683.

Glaser, Robert, "Adapting the Elementary School Curriculum to
Individual Performance." Proceedings of the 1967 Invitational
Conference on Testing Problems. Princeton, New Jersey 08540,
Educational Testing Service, 1968.

Hooke, Robert, "Symmetric Functions of a Two Way Array."
The Annals of Mathematical Statistics, 27, 1956a: 55-79.

Hooke, Robert, '"Some Applications of Bipolykays to the Estimation
of Variance components and their Monents." The Annals of
Mathematical Statistics, 27, 1956b: 80-98,

Husek, T.R. and Sirotnik, Ken., Item Sampling In Educational
Research. Center for the Study of Evaluation of Instructional
Programs, Occasional Report No. 2 (University of California,
Los Angeles, 1968)

Knapp, T. R., "An Application of Balanced Incomplete Block Designs

to the Estimation of Test Norms.'" Educational and Psychological

Measurement, 1968, 28: 265-272.

236

MABIZ > M Pe PSP oW PRI MY s My s M. 4% e n

e A T

TR I 2

kb b Tt i

S



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

237

Lord, Frederic M., "Statistical Inferences about True Stories."
Psychometrika, 24, 1959: 1-17.

Lord, Frederic M., "Use of True-Score Theory to Predict Moments
of Univariate and Bivariate Observed-Score Distributions."
Psychometrika, 25, 1960: 325-342.

Lord, Frederic M., "Estimating Norms by Item Sampling."
Educational and Psychological Measurement, 22, 1962: 259-267.

Lord, Frederic M., '"Item Sampling in Test Theory and in Research
Design." Educational Testing Service Research Bulletin
65-22, 1965.

Lord, Frederic M. and Novick, Melvin R., Statistical Theories of
Mental Test Scores. Addison-Wesley, 1968.

Plumlee, Lynnette B., "Estimating Means and Standard Deviations
from Partial Data - An Empirical Check on Lord's Item-
Sampling Technique." Educational and Psychological
Measurement, 24, 1964: 623-630.

Romberg, T. A., Evaluating School Mathematics. Charles Merrill
Company, Columbus,:Ohio (In Press).

Scriven, Michael, "The Methodology of Evaluation." AERA Mono-
graph Series on Curriculum Evaluationm, Perspectives of
Curriculum Evaluation, 1, 1967: 39-83.

Stufflebeam, Daniel L., Evaluation as Enlightment for Decision
Making. Ohio State University, Evaluation Center, 1712
Neil Avenue, Columbus, Ohio 43210, 1968.

Tukey, J. W., '"Some Sampling Simplified." Journal of the
American Statistical Association, 45, 1950: 501-519.

Tyler, Ralph, ''Changing Concepts of Educational Evaluation."
AERA Monograph Series on Curriculum Evaluation, Perspectives

of Curriculum Evaluation, 1, 1967: 13-18.

T s s AT e etk A Y e a6 bt A4S XL




